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ACID BURNS AND THEIR TREATMENT * 


G. A. WELSH, M.D. 
Medical Officer to H. M. Factory, Gretna 


STATISTICS 


N analysis of the records at the dress- 

ing station on the acid section during 
the period from August 14, 1916, to Sep- 
tember 30, 1919, shows that one out of 
every four cases was treated for an acid 
burn; the actual number of cases treated at 
the station amounts to 17,414; acid burns 
account for 4,292. A more detailed analysis 
of the acid burns showing the plant of inci- 
dence and classifying the degree of the burn 
gives the following figures: 


Slight " Severe Serious 
Grillo oleum TTT. ST 154 16 5 
Mannheim oleum.... 62 12 4 
Nitric acid retorts... 1117 42 10 
Nitric acid mixers... 294 24 a) 
Nitric acid stills. .... 410 18 3 
De-nitrators ........ 116 4 2 
Gaillard towers...... 170 14 7 
Laboratories ........ 84. 9 2 
Nitro cotton nitrating 1621 87 3 

4028 226 38 


The definition of the terms used is as fol- 
lows: 

Slight. — A burn which does not in- 
capacitate the worker for work or which is 


* Received for publication June 21, 1920. 


healed and allows the worker to return to 
work under ten days. 

Severe. — A burn which ineapacitates the 
worker for fourteen days or over, and 
which varies in degree up to one which in- 
capacitates the worker for as much as four 
weeks. 

Serious. — A burn by which the worker 
is incapacitated for over four weeks, and 
which in a large proportion of cases leaves 
a degree of permanent incapacity. 

To illustrate this I append an analysis of 
the compensation list record showing the 
occupation, plant of incidence, nature of 
the acid causing the injury, part affected 
and period of incapacity (Tables 1 and 2) 
in ninety cases of acid burns. 


GENERAL CONSIDERATIONS 


A condition which causes 25 per cent. of 
the cases dealt with arrests the attention, 
quite apart from the intrinsic importance 
of the subject. One outstanding feature of 
these figures is the large proportion of 
“vases Which are classified as slight. This 
speaks very much in favor of the thorough- 
ness of the precautions taken to prevent 
accident and shows that an efficient first- 
aid system is of real value. 
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In dealing with the subject of acid burns 
in afactory such as H. M. Factory, Gretna, 
where the production of acid is on a large 
scale and constitutes an engineering as well 
as a chemical problem, I propose to do so by 
introducing short descriptions of things not 
purely surgical, which will elucidate the 
points T want to emphasize. For the pur- 
pose of deseription [ have divided those 
working the plant into: (a) operatives 
whose work is chiefly chemical, and (b) 
operatives whose work is chiefly mechant- 
cal. In practice it is, however, difficult to 
maintain such a hard and fast distinction. 
In the case of operatives whose work 1s 
chiefly chemical, it is possible to protect the 
exposed — surfaces e.g., the hands by 
rubber gloves and the eyes by goggles. In 
the case of operatives whose work is chiefly 
mechanical, this is not) possible as the 
workman is using tools and cannot work so 
efficiently if his touch is dulled or his sight 
in any way blurred. ‘Phis was the attitude 
of the workmen and made it very difficult 
The 


fact is important because in the majority of 


to adopt precautionary measures. 
cases the escape of acid from a closed sys- 
tem was due to an accident closely con- 
nected with a breakdown in the machinery. 
It is also germane to mention that the 
escape of acid was often sudden and with 
considerable force behind it, due to the 
pressure in the system. ) 

In the process of cotton nitration we 
have an illustration of how the mechanical 
element enters into the work of a chemical 
operative. We have also an example of the 
value of protecting exposed surfaces. ‘To 
prepare the pan for nitrating, the operative 
has to push the cotton into the mixed acid 
with a long handled fork, and, when the pan 
is full, to place in position the earthenware 
top. Both of these operations are mechan- 
ical and if not carefully performed displace 
the acid and cause splashing. In 96 per cent. 
of the cases from the nitrating house, the 


acid burn was caused by the acid splashing. 
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The mechanical operative in the ordinary 
course of employment soils his hands and 
when an accident happens the acid comes 
in contact with the dirty surface — in many 
It did 
not take me many visits of inspection to see 
how dirty the hands of some of the work- 
men were and to appreciate how difficult it 


instances with abrasions and cuts. 


would be to prevent sepsis. ‘The impor- 
tance of this point was speedily impressed 
upon me; in the early days I saw numerous 
cases where the acid burn was so slight it 
gave the workman no concern at the time. 
He only reported for treatment when 
sepsis developed and this caused an un- 
necessary prolongation of the period of in- 
capacity. To remedy this, I recommended 
the section manager to issue Instructions for 
every case of acid burn to report at the 
dressing station. ‘The nurse had instruc- 
tions to clean the burned part and_ sur- 
roundings thoroughly before applying the 
final dressing. It took some time for this 
advice to be appreciated at its proper value 
but eventually there was a general con- 
version and many hours of labor were 
saved to the factory, and a smaller com- 
pensation list resulted. Summarizing, I 
wish to emphasize three points: (1) that it is 
of prime importance to protect as far as 
possible exposed surfaces — e. g., the hands 
and the eyes; (2) that it is essential to take 
every step to avoid sepsis; (3) that the 
operatives should be taught to look after 
the state of their hands and pay special at- 


tention to cuts and abrasions. 


VARIETIES OF ACID 


The 


trated sulphuric acid, oleum, and concen- 


acids manufactured are: concen- 
trated nitric acid. These acids are mixed 
In Varying proportions to produce mixed 
acids for nitrating purposes. In addition to 
these, the spent acids left after nitrating 
are de-nitrated and weak sulphuric acid 
and nitric acid recovered for further use. 
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TABLE 


Occupation 


1.— LIST OF 
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INJURIES CAUSED TO MALE WORKERS ON 


ACID BURNS 


Plant where injury 
happened 








fitter’s helper 
chemical operative 
chemical operative 


chemical operative 
chemical operative 
leadburner 
chemical operative 
chemical operative 
chemical operative 
laborer 

chemical operative 
fitter’s helper 
chemical operative 
laboratory chemist 
chemical operative 
chemist’s assistant 


laborer 


gas producer operative 


fitter 

chemical operative 
fitter’s helper 
chemical operative 


chemical operative 
chemical operative 
chemical operative 
chemical operative 
engineer 

chemical operative 
chemical operative 
fitter 

leadburner 
chemical operative 
chemical operative 
chemical operative 
bricklayer 
chemical operative 
chemical operative 
chemical operative 
chemical operative 
chemical operative 
chemical operative 
fitter 

chemical operative 
fitter 

chemical operative 


chemical operative 
chemical operative 


chemical operative 


chemical operative 


chemical operative 


chemical operative 


nitric acid retorts 
nitric acid retorts 
Gaillard towers 


acid mixers 

acid mixers 

nitric acid retorts 
nitric acid stills 
Mannheim oleum 
nitro cotton mixers 
Gaillard towers 
acid mixers 

grillo oleum plant 
nitro cotton mixers 
laboratory 

acid mixing 
sulphuric acid labora- 
tory 

oleum weigh house 
nitric acid stills 
acid mixers 

nitric acid stills 
acid mixers 

acid mixers 


acid retorts 
acid retorts 
acid retorts 
nitric acid retorts 
nitric acid stills 
grillo oleum 
Mannheim oleum 
grillo oleum 
de-nitrators 

nitric acid retorts 
nitric acid retorts 
nitric acid retorts 
nitric acid stills 
nitric acid retorts 
grillo 

nitric acid retorts 
nitric acid retorts 
acid mixing 

nitric acid retorts 
grillo oleum 

acid mixing 
oleum weigh house 
nitric acid stills 


nitric 
nitric 
nitric 


nitric acid retorts 
acid mixing 


acid mixing 


acid mixing 


acid mixers 


Mannheim oleum 


Nature of acid causing 
Injury 


mixed acid 
cold nitric 
cold weak sulphuric 


concentrated sulphuric 
weak cold sulphuric 
cold strong nitric 

cold nitric 

cold weak sulphuric 
cold nitro cotton mixed 
cold weak sulphuric 
cold oleum 

cold sulphuric 

cold nitro cotton mixed 
cold strong sulphuric 
cold oleum 
concentrated cold sul- 
phuric 

cold strong sulphuric 
weak sulphuric 

cold mixed acid 

cold nitric 

cold mixed acid 

cold nitroglycerine 
mixed 

molten nitrecake 
molten nitrecake 
molten nitrecake 

cold nitric 

hot sulphuric 

cold oleum 

cold oleum 

cold oleum 

spent nitroglycerine 
cold strong nitric 

cold strong nitric 

hot nitrecake 

cold strong nitric 

hot nitrecake 

sulphuric 

molten nitrecake 
molten nitrecake 

weak nitric 
cold strong 
cold strong 
cold oleum 
cold strong sulphuric 
cold strong nitric 


nitric 
sulphuric 


nitric 
nitroglycer- 


hot strong 
cold mixed 


ine 
cold mixed nitroglycer- 
ine 


cold strong nitric 


cold strong sulphuric 


cold strong sulphuric 


THE ACID SECTION 


Part affected by burn 


face 

eye 

both eyes: r. slight; 1. mod. se- 
vere. Face and forehead slight 
acid splash in eye 

face 

face 

right eye 

face 

face and evelids 

hand 

face 

arm 

wrist and thigh 

eve 

neck 

arin 


side of neck and ear 
foot 

finger 

face 

eve 


face 


hand 

hand 

right eve 

finger 

leg 

face and neck, |. eyelid and eye 
arm 

face and neck 

head and neck 

left arm 

foot 

hand 

hand 

hand and arm 

hand 

arm 

hand and arm 

foot: burn neglected 
hand 

face. neck and arm 
leg 

face, eves, forehead and |. arm 


Ist finger |. hand: sepsis fol- 


lowed ( ausing hecTosts and 
loss of Ist phalanx 
foot 


both hands, lower part of back 
and both buttocks 

face. arms and back. Sey 
burns affecting both eyes, 
eve became septic and had to 


Te 


he excised 
he ad and 


loss ot 


severe burn of |. eve, 
face and eventually 
sight of lL. e& incapacitated 
long period. Claim settled by 
payment of L500 


eve. 


eves and ace; I. eve, which 
had been seat of old Injury, 
became septic and man died 
of septic meningitis 

acid burn affecting eyes, eye- 
lids and face; the operative is 
totally incapacitated and has 
deve loped tuberculosis 


c 


BY 


Peri vd 
of in- 
capac- 
ity in 
weeks 


—__ 


l 
I 
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- LIST OF INJURIES CAUSED TO FEMALE WORKERS ON THE ACID SECTION BY 


ACID BURNS 








ee 
>]. nT Stee T an} i _~ - 
_ — a J ~~ Nature ‘= causing Part affected by burn capae- 
’ ity in 
weeks 

1 chemical operative nitrating house nitro cotton mixed acid — right hand 1 

2 chemical operative nitrating house nitro cotton mixed acid — acid splash, both eyes ] 

3 chemical operative nitrating house nitro cotton mixedacid arm ] 

chemical operative nitrating house nitro cotton mixed acid | foot ] 

5 chemical operative grillo oleum strong cold sulphuric shoulders, neck and face; acid 2 

splash in eye 
6 chemical operative nitrating house nitro cotton mixed acid | left forearm 2 


i chemical operative nitrating house 


nitro cotton mixed acid | eye 2 


8 chemical operative nitrating house nitro cotton mixed acid — both feet 2 

9 chemical operative nitrating house nitro cotton mixed acid | left thigh and ankle 2 
10 chemical operative nitrating house nitro cotton mixed acid | arm 2 
1! chemical operative nitrating house nitro cotton mixed acid foot 2 
Il2. chemical operative nitrating house nitro cotton mixed acid | foot 2 
15 chemical operative nitrating house nitro cotton mixed acid | eyes 2 
14 chemical operative nitrating house nitro cotton mixed acid fingers 2 
15 chemical operative nitrating house nitro cotton mixed acid | hands 2 
I chemical operative nitrating house nitro cotton mixed acid | both eyes 2 
17 chemical operative nitrating house nitro cotton mixed acid | hands and knees 3 
IS chemical operative nitrating house nitro cotton mixed acid | right arm 3) 
19 chemical operative nitrating house nitro cotton mixed acid | finger 3 
20° chemical operative nitrating house nitro cotton mixed acid = arm 3 
21 chemical operative nitrating house nitro cotton mixed acid — wrist 3 
22. chemical operative nitrating house nitro cotton mixed acid fingers and eye 3 
23 chemical operative grillo oleum cold oleum eye 4 
24 chemical operative nitrating house nitro cotton mixed acid left instep : 
25 chemical operative nitrating house nitro cotton mixed acid — wrist 4 
26 chemical operative nitrating house nitro cotton mixed acid — leg 4 
27 chemical operative nitrating house nitro cotton mixed acid — hands 4 
28 chemical operative nitrating house nitro cotton mixed acid foot o 
29 ~chemical operative nitrating house nitro cotton mixed acid arm 5 
30> chemical operative nitrating house nitro cotton mixed acid foot 5 
31 chemical operative nitrating house nitro cotton mixed acid — back 5 
$2. chemical operative nitrating house nitro cotton mixed acid foot 6 
$3 chemical operative nitrating house nitro cotton mixed acid foot 6 
$4 chemical operative nitrating house nitro cotton mixed acid —_r. instep, septic 7 w. 

4d. 

35 chemical operative nitrating house nitro cotton mixed acid — burn of arm 12 


36° chemical operative nitrating house 


37 chemical operative nitrating house 


$38 chemical operative nitrating house 


39 chemical operative nitrating house 


During the course of this de-nitration 
process, the temperature of the acid is 
raised to a considerable degree. In the 
case of weak sulphuric acid a temperature 
of 200°C. is reached. Lastly there is a by- 
product obtained from the manufacture of 
nitric acid, an acid sulphate of soda called 
nitrecake, which is discharged from the 
retorts in a molten state at about 150°C. 


to cooling pans. 


It follows that an opera- 


nitro cotton mixed acid = eye; 


nitro cotton mixed acid 


nitro cotton mixed acid 


nitro cotton mixed acid 


sight of eye injured; 15 
since died from pneumonia 

acid burn injuring sight of r. over 
eye. Settled by payment of a 
£100 | year 
burn of eye causing loss of over 
sight. Settled by payment of = a 
£100 year 
cut finger from cracked nitrat- 24 
ing pan, burned at same time 

with nitro cotton acid 


tive may be burned with oleum alone, with 
sulphuric acid alone, with nitric acid alone, 
with mixed acid, or with nitrecake at a 
high temperature. 


EXTERNAL APPEARANCES OF ACID 
BuRNS 
It is possible to recognise by external ap- 
pearances the action of different 
acids on the skin. Oleum and_ sulphuric 


these 








acid produce a grayish-brown color; nitric 
acid produces a bright yellow discolora- 
tion; mixed acid produces a reddish-brown 
color with a faint yellow in it, the yellow 
being most distinguishable at the margin of 
the burn. There is, in the early stages, 
little congestion of the surface when there 
is no heat acting with the acid. When a 
burn is inflicted with an acid at a high 
temperature, as with the molten nitrecake, 
there is well-marked congestion and bullae 
are quickly formed. This congestion masks 
the colors produced by the same acid in the 
cold state. For purposes of treatment it 
makes no difference what cold acid pro- 
duces the burn, and there is only a dif- 
ference in technique, not in principle, when 
the part is scalded as well as burned by 
acid. Concentrated sulphuric acid or con- 
centrated nitric acid falling on the skin of 
the hands and speedily treated will produce 
very little effect; a weaker acid with heat 
produces a burn which gives more trouble. 
Burns of a mucous surface — e. g., burns of 
the lips and inside of the mouth, and of the 
eye —cause a marked reaction and take 
longer to heal. 


‘TREATMENT 


In dealing with an acid burn everything 
depends upon the promptness and_thor- 
oughness of the first steps taken to treat it. 
We have here a first-rate example of the 
importance of what is known as first aid. 
To ensure promptness of treatment in 
H. M. Factory at Gretna, a brief description 
of what should be done was printed and cir- 
culated to the section managers and those 
in authority acting under them. Even- 
tually these rules were incorporated in the 
factory rule book so that each operative 
might have the information. The instruc- 
tions issued were as follows: 

Get rid of surface acid by the application of clean 


water to the part; this may be done by immersing 
the part in a tub of water, by playing a hose on it, or 
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by leaving water on it if it is the face or head. Neu- 
tralize the acid in the part by applying the alkaline 
solution and allowing it to act for ten minutes. 
Gently dry with cotton wool and apply moist picric 
acid gauze. Cover the surface with a layer of cotton 
wool and keep in position with a bandage lightly ap- 
plied. The person who is burned should not be al- 
lowed to move the affected part. If the arm is 
burned a sling should be applied; if the legs are 
burned a stretcher should be used. The patient 
should be seen by the doctor as soon as possible. 
When the part affected is the eye or the mouth, it 
should be washed with alkaline solution and oil 
applied over the surface. 


First-aid boxes containing the necessary 
articles for treatment and buckets of clean 
water were placed all over the plant within 
easy reach of every operative. ‘These ap- 
pliances were regularly inspected and an 
ample supply maintained. In addition to 
this, as I mentioned earlier, every case was 
reported to the nurse, who inspected simple 
cases and reported all severe cases to the 
doctor. All severe cases had the final 
dressing applied by the doctor. Cases 
where a mucous surface was affected or the 
eye burned were personally treated by the 
doctor. 

The dressing station is placed within 
three minutes’ walk of the most outlying 
part of the acid section, which is the grillo 
plant. All the other plants are within half 
that distance. This station is well heated, 
is equipped with sterilizing apparatus, has 
ample bath accommodation and four beds 
for the detention of any serious cases. 

No patient is brought to the dressing 
station until all surface acid has been got 
rid of by ample treatment with cold water. 
In the case of the plant adjoining the sta- 
tion, further stages of treatment are carried 
out at the dressing station: in the case of an 
outlying plant, the dressing is applied and 
removed on arrival for inspection of the 
burn. 

In the cases here reported the nurse ob- 
tained the history on arrival of the patient, 


and if the burn was a simple one dressed it 
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and reported afterwards. In severe cases 
the nurse reported by telephone and _ pro- 
ceeded to prepare the patient for examina- 
tion, being particularly careful to remove 
all acid-soaked clothing before cleaning up 
the affected area and surroundings. Before 
dealing further locally with a severe case 

e.g., acase in which an extensive surface 
was affected, or, a special area (the head, 
face and neck, both eves or one eve) badly 
affected I 


measures to combat 


always took precautionary 


shock. ‘The patient 
was treated in a temperature between 65° 
and 70 F.; he was given a hot drink, milk or 
bovril, and a sixtieth of a grain of strych- 
nine hypodermically. The cleaning and 
soaking of the burned area with alkaline 
solution having been thoroughly attended 
lo, moist pieric acid gauze (strength 1 per 
cent.) was apphed and the part covered 
with sterilized cotton wool and lightly 
bandaged. The alkaline solution which | 
used was a saturated solution of reerystal- 
lized sodium carbonate. This I found to be 
avery useful agent for cleaning the part as 
well as neutralizing any free acid in the 
tissue. During the acute stage of the burn 
the dressing Wals changed twice daily, 
moist pieric acid gauze being re-applied 
over the area. This was continued until 
healing was well advanced. ‘This dressing 
was then changed for sterile plain gauze 
wrung out of normal saline solution. Tf the 
covering of the surface with epidermis was 
In any way delaved, I applied sterile gauze 
soaked in ten volumes of solution of hydro- 
gen peroxide. In cases where sepsis de- 
veloped TL substituted for the picric acid 
gauze, gauze soaked in hydrogen peroxide, 
the pus being gently swabbed away from 
the 


When blisters were present over the burned 


surface with normal saline solution. 
area I left them untouched for twenty-four 
hours: they were then pricked, care being 
taken to make a small opening, and as 
much of the fluid as could be removed was 


dried off. On or about the third day, the 
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superficial layer was excised by means of 
scissors and the picric acid dressing con- 
tinued. 


Eye CasgEs 


—In the case of 
«a moderately severe eve burn, the external 


External Appearances. 


appearances Consist in edema of the con- 
junctiva with well-marked injection of the 
burned part and its surroundings. Severe 
pain is complained of and photophobia is 
marked. If a concentrated acid gains en- 
trance to the eve Inany quantity there is 
very quickly developed stasis in the cor- 
neal lymphatic system and the cornea be- 
comes quite milky, even to the extent of 
the obliteration of the pupil. 

Treatment. As soon as possible after 
the burn was received in the cases reported, 
the whole of the conjunctival sac was 
the 


carbonate. 


douched with saturated solution otf 
In the majority of 


The 


instilling 


sodium 
cases this was done in the plant. 
further treatment consisted in 
three or four drops of 1 per cent. solution of 
atropine sulphate and when the pupil be- 
came dilated a few drops of sterile castor 
oil. The eve was then covered with a pad 
soaked in boracic solution and a bandage 
applied. Further treatment consisted in 
washing out the eve night and morning 
with boric solution and once in twenty-four 
hours instilling a few drops of sterile castor 
oil into the sae. 

Before leaving the treatment of acid 
burns it may be useful if I shortly sum- 
marize the points I consider important, 
and at the same time explain the general 
principles on which the treatment is based. 
An acid progressively destroys the tissue so 
long as it is potent and only ceases to act 
when its corrosive property is destroyed. 
The more quickly you get rid of surface 
acid and the more thoroughly you render 
the acid in the tissue inert by neutralizing 
it, the more you limit the ultimate damage 


done. The cicatrix left after healing is in 








direct proportion to the amount of tissue 
destroyed, and I need scarcely add that in 
the case of the face and eyelids this is a 
matter of great importance. The thorough 
cleaning of the burned area and its sur- 
roundings are steps taken to prevent sepsis 
with its attendant danger of absorption 
and systemic poisoning, the production of 
weak tissue in healing and the formation of 
a dense and more unsightly cicatrix. 

In the dressing of the wound the sub- 
stance used should be antiseptic and as 
little irritating as possible; it should not be 
oily in character nor should any greasy sub- 
stance be applied to the skin surface. Pain 
is better dealt with by local application if 
possible, and the use of narcotics should be 
restricted to very severe cases. Picric acid 
is an ideal substance; its action in pre- 
cipitating and combining with the albumin 
of the tissue forms a covering which is 
antiseptic and protective and at the same 
time allays pain. It has a property like 
that of carbolic acid in finding its way into 


the deeper tissue and acting there. I prefer 


to use It as a gauze and not as a solution 
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painted on the surface. Its action is really 
on the same principle as the French sub- 
stance, ambrine, In sealing up the surface of 
the damaged area with an antiseptic layer. 
In the case of ambrine, it is essential to dry 
the surface. Otherwise, the temperature at 
which it is applied in the presence of mois- 
ture will scald the tissue. At the stage in 
the treatment of acid burns where the tis- 
sue has been soaked with an alkaline solu- 
tion to neutralize the acid, it is not possible, 
nor is it desirable, to attempt to dry the 
surface, and for this reason I think a better 
result is obtained from picrie acid, which 
can be applied at a safe temperature. The 
final results of the picric acid treatment are 
very satisfactory and it is rare to have to 
graft skin. IT have not seen any cases where 
cheloid developed in the cicatrix. In sev- 
eral of the cases where eyelids were affected, 
a plastic operation to relieve conditions 
like ectropion has been necessary. In the 
treatment of eve cases, I find that atropine 
relieves pain quite as much as cocaine, and 
has the advantage that its dilatation of the 
pupil is more lasting. 























SOME INDUSTRIAL EYE AFFECTIONS * 


JOHN C. BRIDGE, F.R.C.S.E., D.P.H. 
His Majesty's Medical Inspector of Factories 


HE lighting of factories and workshops 
In Great Britain was considered by a 
departmental committee which, after hear- 
ing evidence and carrying out investiga- 
1915 
recommended standards for efficient light- 


tions, issued their report in and 


ing (1). ‘These standards have not yet 
been adopted, but the importance of good 
lighting for this class of building is un- 
doubtedly receiving greater attention, not 
only on account of the harmful effeets bad 
lighting may have on the eves of the work- 
ers, but also because of the improved work, 
greater output, and lessened fatigue which 
necessarily follow lighting in its best form. 
So far, however, progress is slow and is 
largely confined to new buildings; to those 
familiar with industry, examples of light- 
ing, bad in quality, quantity, and direction, 
are still innumerable. Not uncommonly a 
worker is found with his back to the light, 
using a poor artificial light where, by some 
rearrangement of his work, sufficient and 
light 


window. 


good could) be obtained from a 

A recent case seen by the writer also 
ustrates how actual economy can be ef- 
fected by considering the question of satis- 
factory lighting. A man was found working 
at a sand-blasting cabinet, illuminated by 
an electric light placed within it. The cab- 
inet was situated beside a large window so 
that the light from it was directed across 
the worker’s eyes, thus preventing him 
seeing his work. ‘To obviate the glare from 
the window the workman had covered it 
with sacking, brown paper, etc., making 
the room dark and the use of electric light 
in the room necessary for general illumina- 
tion. As the cabinet was firmly fixed, the 


* Received for publication July 20, 1920, 


remedy was to fix a shield or “‘blinker”’ on 
the side of the cabinet towards the window. 
The removal of the window obstruction 
not only let in light and air, but also econ- 
omised the electric light which previously 
was burning all day. 

When educationalists realised that edu- 
cational establishments, while educating, 
need not cripple the student, attention was 
given to the importance of proper lighting 
The time is not far dis- 
tant, we hope, when the same consideration 


ot the classroom. 


will be shown to the eyes of the industrial 
worker. 

It is impossible to estimate to what ex- 
tent the absence of proper lighting has 
affected the eyes of workers by producing 
The eco- 
nomic benefits of good lighting are, how- 


or increasing refractive errors. 


ever, so obvious that figures are hardly 
necessary — if they could be obtained. 


Apart from errors of refraction, eye 
strain and fatigue produced by bad lighting 
in factories and workshops, there are other 
definite diseases of the eye caused by cer- 
tain forms of employment, and the object 
of this article is to summarise briefly some 


ot those of interest. 


Conjunctiva 
Hyperemia of the conjunctiva is very 
frequently seen in workers exposed to acid 
fumes. ‘Those most affected are men em- 
ploved in the manufacture of the mineral 


acids, particularly hydrochloric acid. Ex- 
posure to the fumes of acids in other 
branches of the chemical trade — for 


example, the manufacture of dyes and their 
intermediate products — also gives rise to 
this condition. The halogen group, chlo- 


rine, bromine and iodine, produce a similar 
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hyperemia, but the less frequent use of 
them makes such cases less common. Am- 
monia if present in any quantity in the 
atmosphere similarly affects the conjunc- 
tiva. 

Acute inflammation of the conjunctiva is 
less frequent but may be caused by any of 
the substances mentioned above if the ex- 
posure is long enough or the concentration 
of the gas in the air high. Men employed 
in patent manure works, digging out the 
dens or pits, suffer from conjunctivitis 
caused by hydrogen fluoride, and etchers on 
glass are affected by the hydrofluoric acid 
used in the process. Hydrogen sulphide is 
stated to have been one of the causes of in- 
flammation of the conjunctiva in the 
manufacture of matches from sesquisul- 
phide of phosphorus (2), and the same gas 
is probably, to a large extent, responsible 
for this condition observed among sewer 
men. 

In the dyeing industry, where sulphur 
dioxide is used, a similar affection has been 
observed, and Rambousek states in regard 
to this gas that even in low concentrations 
in the atmosphere it produces inflammation 
of the eyes (3). 

Naphtha used as a substitute for alcohol 
in wood polishes has been known to give 
rise to the same condition, though workers 
employed spreading cloth with rubber dis- 
solved in naphtha for the purpose of water- 
proofing and using large quantities daily 
have not been observed to be affected. 
Smarting and lachrymation does occur, 
however, on first entering a workroom 
where this work is in progress. ‘The fumes 
from methyl alcohol used in denaturing 
spirits give rise to the same symptoms and 
in severe cases to conjunctivitis. Numer- 
ous severe and acute cases of conjunctivitis 
occurred during the war among persons 
employed in the manufacture of shells and 
in filling shells with chemicals — the chief 
of which was di-chlor-ethyl-sulphide — the 
fumes from which were specifically in- 


275 


tended for this purpose. This cause, it is 
hoped, may be now regarded only as of 
historical interest. 

Acute conjunctivitis is also caused by 
the light from the are formed in electric 
welding, such light having an excess of 
ultra-violet rays. In these cases the ex- 
posure need only be equivalent to a flash if 
received close enough. The symptoms, 
which are severe, are fortunately merely 
temporary and commence some six to eight 
hours after exposure, the sensation of sand 
in the eye being the earliest; the pain, 
photophobia and lachrymation which fol- 
low are intense and are generally accom- 
panied by headache. Remedial measures 
on the usual lines — cold applications with 
protection from light — are generally sufli- 
cient to give relief; and for the subsequent 
inflammation a mild astringent lotion is 
useful. ‘Tinted glasses consisting of a ruby 
between two blues are necessary in order to 
protect the eves, while screens to cut off 
flashes from the sides are also required. 
Acetylene welding, though giving rise to a 
bright light from which it is necessary to 
protect the eyes of the workers by blue or 
smoked glasses in order to prevent fatigue, 
does not produce an inflammatory condi- 
tion, and in a worker with normal vision no 
after-effects have been observed beyond 
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“eye tiredness.” It is obviously desirable 
that workers exposed to such lights should 
be submitted to a preliminary eye test in 
order to determine the presence of errors of 
refraction which would increase the strain, 
but no special test can be employed. In 
this connection, the increasing use of one- 
half-watt lamps in factories, the unshaded 
light from which produces hyperemia of the 
conjunctiva, calls for comment. 

Dust from a large number of chemicals 
causes inflammation of the conjunctiva by 
reason of the irritative nature of the chem- 
ical, but fortunately conjunctivitis from 
this source is not common. ‘The basic 
aniline dyes are said to be specially liable 
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to cause injury. Para-nitraniline, used 
largely for dyes and photographic de- 
velopers, sets up a very acute inflammation, 
as does also the explosive tetryl (tetra- 
nitro-methyl-aniline). ‘Prinitro-toluene on 
the other hand, though like tetryl in pro- 
ducing an acute dermatitis, rarely affects 
the eye. Pitch dust produces severe con- 
junctivitis, which persists for some days; 
patent fuel workers and men loading and 
unloading pitch are principally affected. 
Conjunctivitis produced by vegetable 
dust is practically always caused by me- 
chanical irritation, though the dust of cer- 
tain woods, notably West African and East 
Indian boxwood, appears to contain an 
alkaloid which in itself produces inflamma- 
lion of the conjunctiva accompanied by 
severe lachrvmation.  Certam alkaloids 
themselves, emetine im particular, cause 
conjunctivitis among those preparing them 
for medicmal use. ‘Two cases have come 


under notice of a peculiar susceptibility 


lo linseed meal in oil-cake mills. In these 
patients the conjunctiva rapidly became 
suffused, pain and lachrymation were in- 
lense in one case, and the svmptoms per- 
for days accompanied — by 


sisted some 


corvza. Fresh entry into the mill on re- 
covery produced a similar train of symp- 
Lomis. 

Mereury and silver fulminate both. set 
up inflammation of the conjunctiva, the 
former causing inflammation of a severe 
character. Several outbreaks of severe 
conjunctivitis occurred in a factory where 
percussion caps of fulminate of mercury 
were being manufactured. This type of 
conjunctivitis is accompanied by pain and 
Strict attention 


should be paid to personal cleanliness and 


profuse lachrymation. 
the workers should be supplied with sepa- 
rate towels; while bathing the hands in a 
solution of hyposulphite of soda — a very 
weak solution of which may also be used 
In the 


manufacture of snaps for crackers with ful- 


for the eyes —is also beneficial. 
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minate of silver, the inflammation is very 
much less, but permanent staining of the 
conjunctiva (argyria) has been observed. 
In one case seen the employment extended 
over one year only; in those employed 
longer the pigmentation was most notice- 
able, staining of the whole conjunctiva 
being very well marked, particularly to- 
Much of this 


work is done in small domestic workshops 


wards the inner canthus. 


in surroundings where precautionary meas- 
ures are impossible to enforce, the workers 
themselves having no very high standard of 
personal cleanliness. Pigmentation of the 
skin was also observed. It is probable in 
these cases that the salt is conveyed to the 


Women 


employed in polishing silver articles on 


eves by contaminated fingers. 
polishing wheels also suffer from conjune- 
tival pigmentation, as do men on plants for 
the desilverising of lead. 

have been 
(4). 
the in- 


Conjunctival hemorrhages 
observed in cases of lead poisoning 

It is only necessary to mention 
flammation set up by splashes of acids and 
caustics into the eye, and the need for 


immediate treatment in such cases. 


C'ornea 

Certain basic aniline dyes are said to 
affect the cornea, and in particular the dust 
of methyl violet which produces inflamma- 
tion (5). Though strictly speaking the ex- 
citing cause of corneal ulceration occurring 
among patent fuel workers is the injury to 
the cornea by the spicule of pitch, the ex- 
tent of the ulceration and the hypopyon 
which commonly follows must be con- 
sidered to be due in some measure to the 
constituent of the pitch as _ pro- 
duces of the skin among these 
workers. Tar and paraffin workers may be 
similarly affected. Inflammation and opac- 
ity of the cornea are said to be caused by 
nitro-naphthalene, attributable either to 
long continued exposure to the vapor or to 
spurting of the liquid into the eye (6). 


same 
cancer 
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Burns from splashes of acids and caustics 
which produce inflammation and ulceration 
of the cornea occur wherever such chemi- 
cals are handled and call for immediate 
first-aid treatment. 


Retina 


The commonest industrial cause of disease 
of the retina is lead poisoning. Legge and 
Goadby regard temporary or sudden blind- 
ness as due to a vascular change of the ret- 
ina, either vasomotor or hemorrhagic (7). 
In advanced cases they state the “picture is 
one of severe albuminuric retinitis.”’ Dila- 
tation of the vessels has been observed 
among electric welders accidentally ex- 
posed to the light of the are. Temporary 
and partial amaurosis is also produced. 
Retinitis and other eye changes are also 
described as occurring among this class of 
workers (8). 

Toxic amblyopia, which may be con- 
sidered under this heading, occurs among 
workers exposed to dinitrobenzene, those 
most affected being employed in filling 
cartridges. A few cases of this nature have 
been observed among T.N.T. workers but 
in these it was difficult to eliminate tobacco. 
The fumes of carbon bisulphide used in 
vuleanising rubber by the ‘“‘cold cure” 
process may also produce similar symp- 
toms. In such cases of amblyopia, the 
scotoma is central and that for green larger 
than red, both eyes being equally affected. 
Recovery usually takes place quickly after 
removal from the poison. Folker has de- 
scribed five cases of women suffering from 
amblyopia due to lead. Additional interest 
in these cases, as he says, lies in the fact 
that the use of tobacco could be safely 
excluded (9). 


Pupil 
The pupil appears to be rarely affected. 
Among pharmaceutical workers, accidental 
contact of the hands and eyes during the 
preparation of atropine salts produces the 


usual mydriatic effect. Instances of intol- 
erance of the skin to morphia in the manu- 
facture of the salts of this alkaloid are not 
accompanied by alteration in the pupil. In 
lead poisoning inequality of the pupil may 
be observed but partial dilatation of both 
pupils is more common (10). 


Optic Nerve 
Neuritis of the optic nerve occurs with 
chronic lead poisoning. It is usually, if not 
always, associated with retinitis, and total 
blindness occasionally occurs. Chronic 
nitrobenzene poisoning is stated to give 
rise to optic neuritis (11). 


Lens 

Glass bottle blowers suffer from posterior 
cortical cataract. Such workers, it was es- 
timated by Dr. W. Robinson of Sunderland, 
are exposed to the glare of the molten 
metal for 53 hours per week, and it is now 
generally accepted, after the work on the 
subject by Sir William Crookes, that the 
heat given off from the metal is mainly, if 
not entirely responsible (12). 

Several cases of cataract have been ob- 
served following accidental electric shock. 
These are due to the passage of the current 
through the body and not to the flash 
which sometimes accompanies an accident 
of this character (13). 


Ocular Muscles 
Paralysis of the ocular muscles was 
noted by Lockhart Gibson in Queensland 
among children accidentally poisoned by 
lead. 
Nystagmus 


Oscillation of the eveball among miners 
is a well-recognised condition, the exact 
‘ausation being at present not fully under- 
stood, although imperfect illumination of 
the coal face is generally regarded as an 
important factor. Reference must also be 
made to nystagmus which sometimes oc- 


curs In cases of lead poisoning (14). 
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HEALTH IN MERCANTILE ESTABLISHMENTS 


Il. MEDICAL RECORDS* 


ARTHUR B. EMMONS, 2b, M.D. 
Director, Harvard Mercantile Health Worl, Boston. Mass. 


HE necessity for records has been dis- 

cussed in the first paper of this series, 
but the precise form and the manner of in- 
troducing a record system have not been 
approached. 

From the practical point of view of the 
store administrator, the subject divides it- 
self into two parts. First, there is the ques- 
tion of the physical examination for em- 
ployment, and, second, the record to be 
kept of an ordinary visit to the doctor’s 
office. To many stores the policy of in- 
troducing a physical examination for em- 
ployment seems at present inadvisable. 
They fear difficulties with their employees 
which may far offset any advantages that 
such modern methods may supply. There 
are very few well-organized industries em- 
ploying large numbers of people who do not 
first estimate by physical examination the 
fitness of the employee for the work to be 
undertaken. It would seem the logical and 
intelligent policy, therefore, that stores 
should supplement otheremployment meth- 
ods by instituting a preliminary examina- 
tion of sufficiently broad scope to insure 
fiiness to carry on the varied tasks of the 
store under the active conditions of city 
life. 

We are personally acquainted with the 
work of five large stores in the East and 
Middle West which have been using ex- 
aminations before employment for periods 
of from one to eight years. None of these 
have ever given up the procedure and all 
have realized its advantages more and more. 
Investigation shows that employment man- 
agers in many other stores are looking for- 
ward to the time when they, too, may have 


* Received for publication Sept. 27, 1920. 


assurance from a modern medical depart- 
ment that the applicant is reasonably 
suited for the job. At present, they must 
depend on the general appearance and the 
prejudiced statements of the hopeful appli- 
cant, or upon the guarded reference of a 
former emplover. 

The practical benefits which the stores 
using physical examinations report include 
the steady improvement of their personnel 
due to better adaptation of the individual 
to his work, the discovery of serious disa- 
bilities, such as heart disease, so that if the 
applicant is accepted he is safeguarded, the 
exclusion of early cases of tuberculosis, and 
the detection of remediable defects, such as 
hernia, diseases of the mouth and teeth, 
etc. While the medical examination must 
result in preventing the employment of a 
certain number of persons, this has become 
a minor feature of its work. Hf the physi- 
cian has knowledge of the different types 
of work which the store furnishes, he will 
be able to suggest places fitting the physi- 
cal qualifications of nearly all applicants. 

Industry presents some interesting ex- 
amples in this direction. Clark (1) speaking 
from his experience in the Norton Company 
(manufacturers of grinding wheels and 
grinding machinery in Worcester, Mass.), 
where the restrictive list of defects is rather 
severe because of the heavy nature of the 
work, finds that 3.5 per cent. of those ap- 
plying for work are rejected on physical 
grounds. Other reports show as high a 
figure as 10 per cent., but it seems probable 
that with thorough knowledge of the work 
of the plant the industrial physician can 
reduce this very markedly. 

Such benefits as have been listed reach 
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but one side of the question, and it is essen- 
tial to realize that each large move in in- 
dustrial medicine must have two results. 
It must aid the firm, and at the same time 
it must aid the employees. Lacking either 
of these advantages, the move does not con- 
tain those honest elements which make for 
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now require an extremely searching physi- 
cal examination for admission to the union 
(2). An action such as this indicates at 
once that in the organization of a medical 
department in a store or in an industry of 
any type, effort should be made to give the 
employees a voice in the general control of 
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certain success. The attitude of labor in gen- 
eral toward physical examinations as a con- 
dition for employment has, in the main, been 
unfavorable. It will be remembered that 
one of the demands made during the steel 
strike of 1919 was the abolition of such ex- 
iminations, the employees holding that the 
examination as then conducted was unfair 
Lo their interests. There is, however, abun- 
dant evidence that labor recognizes very 
ully the great advantages which thorough 
ind fair medical service can supply. Thus, 
he organized garment trades in New York 
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the department, and in this way to cause 
removal of the possibility for discrimina- 
tion, unfair use of records, etc., which the 
employees fear. 

The character of the physical examina- 
tion for employment varies markedly in 
industry. Figure 1 represents a form used 
in a large meat-packing establishment. It is 
obviously so long and complex that a great 
amount of time is required to fill it in care- 
fully, and unless such record forms are 
adapted to the need they should fill and to 
the time which can be given to each candi- 
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FIGURE 3 


MEDICAL EXAMINER’S REPORT 
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Character nafs : Abdomen 
a of Chest a sae 
Weight _ Expiration... at umbilicus 
Height - ntabiscienupantiodndiictinataietil in 
Blood pressure 
Race 


General Appearance... 


\fter careful inquiry and physical examination do 


vou find any evidence of past or present disease of: 


Arteries palpable? 


Condition of teeth 


Lungs or Pleurae 

Bram or Nervous System 
Heart 

Blood Vessels 

Skin 

Nose and Throat 
Stomach or 


Abdominal Organs 


Gaimed or lost any weight im past vear 


(QUESTIONS TO BI 


Married or single? 


Is she pregnant? 


No. of childrer 


Has she ever had a miscarriage? 


No. of children living 


[s hearing impaired ? 
Is evesight normal? 
Is hernia present ? 


Has he the mark of a successful vaccination 2 





REMARKS 











UrtneE EXAMINATION 


Specific gravity Reaction 


Albumin ?.. Su 


Os 
oh 


ur? 


» ANSWERED IF APPLICANT IS A WoMmMAN 


Is husband living?.............000........ | 


eran Age of eldest......0......... 


Age of youngest................ 


1 dead 


Has she since had labor of full term?......... 





Has she passed the climacteric?............ ee Ore ee ee 
Is menstruation regular? Pain? Reflex symptoms?...................00000006 
t ‘ | : 
: 
a 
Signature ceeweeeeeMLD. = Address ......000000.0000. 


Medical Examiner 
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Mother Som | ee 7 
No. To what extent does 
| Living mae Seacuans ; Cs! Fare CEN he use tobaeco? 
Brothers - . 
| No. 
\ Dead .........).. m 
( No. Other habits? 
ae Living .... a 
Sisters : 
No. 
} 
. Dead 
Have any of the applicant’s uncles, aunts, or grandparents had insanity, cancer or tuberculosis? 
Has he within one year occupied same room or house with a consumptive? mn sare . 
. When ....0..00.0000000.. Duration of illness | wee hia 
What physician did 
he last consult............ foun Kor what........ Present health | bie ’ 
What illnesses, diseases, accidents or surgical operations has he had since childhood? .... ~ eee TON 
Name of Disease, ete. No. of attacks Date of each) Duration Severity Results Date of recovering 
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mE ——*—=“—*SC tenses secs ee nce enenn nnn cn esenenevonse cel casecensvesoresorsescose] cccsescnecsaseeeccse) sneoseneseesecteses] oscssescsesccnsesess] cnsesesasnssenssoess] ensseceseoosesossecooesssosess 
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date for employment, they are worse than 
useless. Figure 2 is a form used by a large 
manufacturer of electric lamps, a firm em- 
ploying many thousand men and women. 
It is brief but contains the essentials and 
may be filled in rapidly. Figure 3 is an ex- 
ample of a form now in use in a large de- 
partment store. It is a very good one and 
possesses on the reverse side the medical 
history sheet shown in Figure 4. It seems 
probable that this store requires more than 
is necessary to gain good results. 

After examining the store situation and 
bringing to bear upon jt such elements of 
industrial medical experience as seem per- 
tinent, we have designed the brief form 
shown in Figures 5 and 6. This may be 
made up on a 5 by 8-inch card. On the 
front are contained the necessary social 
data, occupational data, important past 
medical history, and recommendations to 
the employment department; on the back 
are the points covered by the physical ex- 
amination. Such cards may be filed and to 
them may be clipped others of similar size 
upon which are recorded subsequent visits 
to the physician’s office, their cause and 
treatment. The record kept of such visits 
should be as detailed as the condition war- 
rants. A word or two will frequently suf- 
fice, but unless a rigid rule is made that no 
visit shall go unnoted, it is certain that 
sooner or later the store physician will 
awake to the consequences of having seri- 
ously neglected to notice the advance of 
chronic disease. 

The technique of introducing the meth- 
ods of a modern medical department in the 
store may be varied. If a decision has been 
reached to institute physical examinations 
for employment, due publicity should be 
given and the plans for work made clear to 
everyone involved. First, the executives 
should be informed and their approval and 
co-operation obtained; then the buyers, 
departmental heads, and supervisors should 
clearly understand the plans. Finally, 
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Figure 5 


PHYSICAL EXAMINATION 


Date of Examination 























Weight....0.0000...... Height................ Vaccination ............ 
Inoculation ............ 
RE es een a EC nee Rey wa EA 
EOD Ee Ses SE EDS Ee Be 
I BN diss is vcrcncucovccacl _ RR ee Ae Ae 
es ae _ RS swisaieéhonis 
NI ica desiccsacad sitinans “acnasteaecinests I Ladi a a 
Le Neck and Glands............ 
I ctinisdece dr ctvseulasetcaco nccseal Heart rate.......... Size ...... 
Sounds............ | ee 
SI ibi-actnicl-constneasiabsepuerininna aan icuainimaniansesaciae 
I eee re eee een ae ee) 
I ita tocar ete en ee ce. 
Extremities, Upper...............0...0.... I oisidiseutienidoeras 
aE aoa ee I en he ed ts 
i hie Ee i ct ee te eS 
EE a ee | ET Oe EE a 
’ 
Comments: 


General Appearance. .................ccccccesscesecsscssesscesescesecees 
Apparent Age....................00 Temperament.................. 


Peculiarities .oo..oocooooooooocooeceocececee ccc eceeee. saadeemeidiiiiienatniniess 


| ee 


through the store paper or through. a spe- 
cial bulletin, a concise and clear statement 
should be made to all the employees and, 
if an employees’ organization exists, the 
fact that the medical department will 
be under a co-operative board of control 
should be especially emphasized. After all 
this has been done it will be found that 
success depends upon the personality and 
training of the physician in charge, and the 
qualifications which he or she should pos- 
sess have been made clear in the first paper 
of this series. 

Should the store desire a less vigorous 
course than this, it may well start by first 
requiring physical examinations of all food 
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handlers and elevator operators, for public uneasiness need be felt. The success of the 
safety is here directly involved. Next offer- medical department depends far more upon 
ing free examinations will bring volunteers. the excellence of the work done than upon 
The character of the work done will then any other feature, and, given efficiency in nae 

determine its success and scope. If, at first, this direction, the matter of attendance B; hai 
attendance at the doctor’s office falls off, no will soon take care of itself. a 
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A STATISTICAL STUDY OF ACCIDENTS IN THE COTTON 
MILLS, PRINT WORKS AND WORSTED MILLS 
OF A TEXTILE COMPANY* 
DONALD S. GATES 


Student, Graduate School of Business Administration, Harvard University 


HIS paper deals with the statistical 

determination of the modes of occur- 
renee of about 2500 accidents in a large 
textile company in New England, covering 
the calendar vears of 1918 and 1919. The 
business of the company in question is the 
manufacture of cotton and worsted cloth, 
and the printing of cotton cloth. ‘The com- 
The 


material for the study was compiled from 


pany employs about 7500— people. 
the company’s accident reports — reports 
made up in accordance with the provisions 
of the Massachusetts Compensation Act of 
1911. Owing to the large number of acci- 
dents involved in the study, limits were 
made to the extent of the analysis as fol- 
lows: 
1. Phe recorded facts of the accidents 
were divided into groups: 
a. Llour of day of occurrence 
bh. Day of the week 
¢. Day of the month 
d. Age of the injured 
e. Sex of the injured 
f. Married or single 
e, Wage of the injured 
h. ‘Time or piece rate 
2. The lost-time accidents during 1919 
There 


were separated by departments. 


were 218 cases of this sort. 

$3. The total of 2500 accidents was sep- 
arated by departments. 

4. An analysis of the results of this tabu- 
lation was made, methods of presentation 
of the tabulation to the groups interested 
were discussed, and a procedure for apply- 
ing practically the results of the analysis, 
together with the organization for carrying 
them out, was outlined. 


* Received for publication April 15, 1920. 


The organization of the plant studied is 
as follows: 

1. The print works is made up of 
twenty-four departments, which include 
the bleaching, dyeing, finishing and print- 
ing of cotton cloth. It is entirely separate 
from the other parts of the company’s 
plants. About 2300 employees are on its 
payroll, this number being about 34 per 
cent. of the total in all of the mills. Of this 
number, about 1750 are male and the re- 
maiming 550 are female. 

2. ‘The worsted department is a separate 
division. ‘The manufacturing process in- 
cludes all operations from the raw wool to 
the weaving of the finished product. The 
emplovees number about 2800, with 1500 
females and 1300 males. 

3. The cotton department is also a sep- 
arate but 
facilities closely allied to the print works. 
Here, out of 1200 em- 


plovees, there are 650 females and 550 


division, with transportation 


a total of about 


males. 

4. The purchasing department is the 
necessary yard force and all of the transpor- 
tation facilities among the various plants. 
This transportation is carried on by means 
of motor trucks. There are in this depart- 
ment about 400 employees, of whom 350 
are males, 


CLASSIFICATION OF ACCIDENTS BY 
ACCOMPANYING CIRCUMSTANCES 
When an accident occurs, the Compensa- 
tion Act requires that eight facts in regard 
to the circumstances of the accident and of 
the injured person be noted — namely, the 
hour of the day, the day of the week, and 
the day of the month on which the acci- 
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dent occurred, the age, sex, and marital 
condition of the injured person, his wage, 
and whether his work was time or piece 
work. When these facts are studied in con- 
nection with a large number of accidents, 
does a frequency-of-occurrence curve result 
of any practical value? 

A. Hour of the Day. — From the figures 
in regard to the hours of accident occur- 
rence the most striking frequency curve of 
the entire investigation is obtained. The 
accidents occur most frequently in all de- 
partments at the hours of 9 a.m. and 3 P.M. 
The question at once arises: What are the 
factors that would offer a solution? There 
are, first of all, the physical ones. These in- 
clude: 

1. The number of employees in the 
plant. Obviously there is no difference be- 
tween these hours and any other working 
hours in the matter of number of employees. 

2. Machines in operation. There is no 
reason to believe that there is an increase in 
the number of machines in operation dur- 
ing any particular hours. 

3. The speed of the machines. ‘There is 
no increase in this particular. 

4. There is practically the same amount 
of sunshine at these hours during all sea- 
sons of the vear. 

5. The periods are equidistant from the 
last time food was taken. Of all the phys- 
ical facts, this one is the most striking and 
will serve well to introduce the second set of 
factors which may offer a solution; i. e., the 
physiological ones. 

The physiological factors are: 

1. The physical condition of the em- 
ployee at the time of the accident. Fatigue 
and its connection with the food-taking 
period produces a mental condition, de- 
pendent upon the physical one. 

2. The age of the injured employee. 

3. The sex of the injured person. 

In order to discuss this question thor- 
oughly, it will be necessary to anticipate 


the later sections of this report enough to 
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say that the commonest age for the acci- 
dent-person is 18 years and the predom- 
inant sex is male. Taken together, these 
facts as brought out by this inquiry lead up 
to the question: How does it happen that 
accidents occur most frequently to an 18- 
vear old boy, at the hours stated above? 
For it is but reasonable to suppose that if 
this “peak man” can be dealt with, a real 
solution is possible. 

The “peak man” is a person who is not 
only yvoung, but has the most. striking 
characters of quite immature youth. Such 
characters are a general mental attitude of 
carelessness and a very natural aptitude to 
be sleepy after eating. It is here that a dif- 
ference of opinion will enter in. It is a 
question in my own mind as to whether this 
accident occurrence is due to carelessness 
from ascertain) mid-morning and mid- 
afternoon drowsiness or to the fact that 
that low mental period is passed and the 
fastest work of the day is being done. In 
either case there would occur a high aecci- 
dent rate, for were it a case of drowsiness, 
fingers would not be so swift to move out of 
danger as in the other periods of the day, or 
if it were a case of high speed work, coupled 
with the youthfulness of the employee, a 
willingness to go on with the work and 
“take a chance” on getting hurt might 
produce injuries. ‘There is a good deal to be 
said, I think, for the idea that, especially in 
the morning, the high-speed work is the 
cause of accident. By high speed I mean 
the fact that the employee is working at his 
fastest rate and is doing everything that 
the task requires, whereas later the little 
niceties of the job are left to the realm of 
“T guess that will do.” There is more at- 
tention to the more complete handling of 
the work in the freshness of the morning 
than there is later on in the day. And at 
the same time there goes with this com- 
pleteness of work a closeness to the ma- 
chine and its parts which would have more 
possibilities of accidents. 
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Granting that the after-dinner feeling 
does not extend till 3 o’clock, there would 
come a period of extra energy at this hour 
due to the very fact that a period of slow 
work had just preceded it. The accident 
hour at this time may represent an at- 
tempt to make up for the slow work done 
just previously. 

In many parts of the textile industry, 
there is involved the work of supplying raw 
material for a machine which operates con- 
tinuously. During a period of drowsiness, 
there would be a temptation to let the en- 
tire raw material for the machine run to a 
low point, with the result that a time of 
extra work to restock would be re- 
quired. ‘Take, for example, the four ma- 
chines —— a loom, a 
worsted comb and a drawing frame — the 
operation of each of which is a continuous 
process. What would be more natural than 
for a drowsy operator to let the raw ma- 
terial supply “slide” for a longer period 
than usual after lunch and then have to be 
very active to fill up the frame? And in the 
loom, the question of supplying new bob- 
bins would be put off after lunch for as 


fast 


spinning frame, a 


long a period as possible. 

Summarizing, it is my opinion that the 
theory of the high-speed cause for accidents 
will hold better for the morning than for 
the afternoon, but for reasons given above 
I should apply it to both times. In the 
afternoon, moreover, natural fatigue may 
more easily operate than in the morning. 

B. Day of the Week. —- The most strik- 
ing fact brought out by a study of the day 
of the week upon which accidents occur is 
the large proportion of accidents during 
the forenoon on Saturdays. The average 
daily accident rate is 449 with a half-day 
average of 224+. But the half-day on Sa- 
turday shows an average of 265 accidents, 


which is 18 per cent. above normal. There 
are various factors which might influence 
this result, among these being the peculiar 
nature of the work done on Saturday, the 
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mental processes of the employee so full of 
the plans for the afternoon that a natural 
‘arelessness would result, a rush to finish 
the week’s work, and the necessity for 
cleaning and clearing of machines. 

C. Day of the Month. — The chief fact 
brought out by this tabulation is of interest 
to the textile company studied rather than 
to the general public, and consists in the 
increasing accidents reported after July 1, 
1919. This result is due to the emphasis 
placed by the safety engineer on the 
slightest injury in order to catch early ac- 
cidents which have possibility of further 
trouble, such as infection from scratches. 
As safety work rests on the theory of acci- 
dent prevention, it is essential that preven- 
tion start at the source of the trouble and 
that an injury be caught when it is still a 
minor one. 

D. Age of the Injured. — The high mark 
of frequency is at 18 years. This fact is 
especially valuable as showing the youth of 
the injured and placing the greatest em- 
phasis on accident prevention on this type 
of person. Were the figures available, it 
might be shown that one of the reasons for 
this “peak age” was the fact that of all of 
the employees in the plants the greater 
number were of this age. But even if this 
were the case, it is still of importance to 
know that so young an employee is the 
bearer of the greater accident risk. 

K. Sex of the Injured. — Nearly 80 per 
cent. of the total accidents happened to 
males. Against this fact must be set the 
percentage of males in the plant. The 
figures and percentages are as follows: 





Sey soe a of me’ of March, 1920 
Males ..... 4369....64% 4799....62% 4718....61% 
Females ...| 2352. ...36% 2926....388% 2922....39% 


The peculiar nature of the industry has a 
good deal to do with these figures. The 



































women are employed in the parts of the 
mills where the lighter work is done. The 
men are employed where the more cumber- 
some machines are operated. The loom 
fixers, for instance, are men, and the work 
is done around the more crowded parts of 
the machine, often when the machine must 
be turned off and on. In general, consider- 
ing the nature of the men’s work it is no 
wonder that upon them falls the greater 
part of the injuries. The knowledge of this 
fact merely emphasizes the necessity for 
watching more closely those operations 
where men are largely employed and seeing 
that their machines and processes be more 
carefully and thoroughly studied with a 
view to eliminating as far as possible the 
accident risk. 

F. Married and Single. — The figures 
upon this fact are nearly equally divided, 
a slightly greater number of injured per- 
sons being married. This is one of the 
main reasons for the benefits of the com- 
pensation act — to serve as a safeguard for 
the family during the enforced idleness of 
the injured husband or father. 

G. Wage of the Injured. — Here the 
modal peak falls on the $18 man. The main 
question which might be raised in this con- 
nection would be in the application of the 
compensation act. With the working wage 
in such times as these only $18, what per- 
centage of this wage had better be paid as 
compensation for lost time? Eighteen dol- 
lars per week represents a round sum of 
$900 per working year. How much less 
than this should be guaranteed in case of 
failure to be able to work? It would seem 
that at least two-thirds of this wage should 
be paid, if not three-fourths, in order to 
insure a reasonable income during dis- 
ability. 

H. Time and Piece Work. 
portion of the work in the mills, as shown 
by the compilation, is done on a straight 
time rate. This at 
cause of accidents rush work being done on 


once removes as a 


- The greater 
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piece rates. Nothing of special value is to 
be learned from the figures on time and 
piece work. In a more detailed special in- 
quiry, it might be well to have the accident 
frequency at some of the piece-rate ma- 
chines charted. 

This concludes a sftmmary of the data 
obtained from classifying the eight facts 
in regard to accidents required by the com- 
What, in the main, have 
been the outstanding benefits derived from 
this tabulation of about 18,000 facts as 
noted in the accident reports? We have 
learned that out of this group of accidents, 


pensation act. 


‘ach of which was apparently totally inde- 
pendent of the other, there appear certain 
more or less striking similarities in the cir- 
In other 
words, we have become orientated for fur- 
Methods of attacking the 
peaks of accident occurrence may differ, 


cumstances surrounding them. 
ther inquiry. 


but it is clear that there must be agreement 
in the goal sought for. 

Whatever the cause of accidents, un- 
doubtedly one of the best ways to attack 
the problem of their prevention is to pre- 
sent the facts clearly to the operators and 
to arouse their interest in the problem. 
This should be done through verbal and 
picture instruction. Nothing lends itself to 
graphic presentation better than this mat- 
The facts of 


occurrence may be presented 


ter of accident frequency. 
accident 
either in the form of a straight bar chart or 
in the better form of a frequency curve on a 
clock base. Perhaps in this connection I 
had best say a few words as to the general 
policy of presenting graphs to great num- 
bers of employees. In the first place the 
graphs must be striking. The eye will not 
take cognizance of a small difference. This 
point is well illustrated by the use of a 
graph presentation of the hourly accident 
In the 
former case, there is a wide difference in the 


rate and the daily accident rate. 


number of accidents which causes the hours 
to be marked off clearly, while in the latter 
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case there is at best only a little less than 
one-fifth difference in length of the two 
average bars. A frequency at least double 
the other frequencies presented should be 
present to justify the use of a graph. In the 
second place, a graph should be simple. Tt 


TABLE 1.— COMPARISON OF PERCENTAGE 
DISTRIBUTION OF ACCIDENTS IN THE 
TEXTILE INDUSTRY WITH ACCIDENTS 

OF INDUSTRY IN GENERAL 


2500 Accidents Mass. 
in Textile Accident 
Industry Board 
Sex of the Male . 79 91.3 
Jnjured Female ee 21 8.7 
LOO, 100; 
Time or Time $8.3 86.7 
Piece Work Piece 11.7 13.3 
LOOc; L006; 
| » toss ._. O.4 6.7 
Wave SS to S15 IS.5 9.8 
Distribution | S15 to $20 53.1 24.5 
(Qver S20 28.0 13.0 
LOO C, LOO’, 
Under 16 6.7 1.8 
16-20 15.8 13.3 
21-29 25.9 33.9 
Ave ) ~~ 
; air $0-39 20.3 23.7 
Distribution . age 
bO- 49 17.4 15.7 
50-59 0 6 $.$ 
(iver 60 1.3 3.3 
LOO’; LOO °c; 


should contain the minimum of subjects 
and the lines should be clear cut and not 
mixed or crossed too often by other lines. 
Popularity will le along this same line of 
simplicity. A graph using hours of the day 
should be made up in the form of a clock. 
Graphs of temperature should be modeled 
alter a thermometer. Two graphs, more- 
over, should rarely be shown together. The 
mental picture which results, like a photo- 
graphic plate duplication of objects, is apt 
to blur. 

Inthe Fifth Annual Report of the Massa- 
chusetts Industrial Accident Board, for the 
vear ending June 30, 1917, the percentage 


distribution of total accidents is given by 
groups. For purposes of comparison, I 
have drawn up a similar distribution of the 
accidents entering into this study (Table 
1). In a comparison of these figures, it 
must be kept in mind that in the textiles we 
are dealing with one special industry and 
are comparing its figures with the percent- 
ages drawn from general industry. If for 
no other reason but for emphasis on the 
special characteristics of the textile indus- 
try, these figures are of value. 

The character of the textile industry is 
shown especially well in the first and last 
comparisons in Table 1. The percentage of 
females is considerably higher in the textiles 
than in general industry, as the percentage 
of accident occurrence shows. Aliso the 
percentage of young persons is higher in the 
textiles than in other industries, as shown 
by the differences in percentages of those 
under 20 vears in the above figures. The 
shift in the wage distribution groups is 
caused by the general rise in the rate of 
wages during the last two vears. For the 
greater part, there seems to be a system of 
day wages in the textiles as in any other 
industry, or, speaking from an accident 
point of view, the number of accidents due 
to speed caused through a piece rate are no 
greater in the textile industry than in any 
other. 


QccURRENCE OF ACCIDENTS BY 
DEPARTMENTS 


In this section comparisons will be made 
between the lost-time accidents and the 
total accidents, both of which have been 
divided and allocated by departments. 
In the tables submitted with this sec- 
tion, a graphical presentation of the acci- 
dent occurrence is shown, but for purposes 
of the greatest utility only those depart- 
ments showing the relatively highest acci- 
dent rates will be discussed. For it has been 
a principle of this report to deal only with 
the occurrence and treatment of the peaks 
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of the accident problem. In this discussion 
the purchasing department will be omitted 
as it is a single and special department in 
itself and entirely independent from the 
more technical industrial processes. 

In the table which is given below (Table 
2) the top accident departments are se- 
lected for examination. From these figures 
some idea of the relation between the lost 
time and the total accident rate may 
be gained. The italicized names appear 
among the highest rate accident depart- 
ments in the figures both for lost time and 
for total accident occurrence. Of the 
seventeen names on this list, seven appear 
in both columns. There is a_ total of 
fifty-six overseers in these plants. If the 
accident rate were the same for each over- 
seer, with an average of 2500 accidents and 
213 lost-time accidents, each overseer 
would have as his rate 3.5 lost-time acci- 
dents and 44.5 total accidents. This com- 
pilation shows how much above this 
hypothetical rate the “high peak” over- 
seers average. Out of 2500 accidents, these 
seven overseers had in their departments 
Numerically stated, this 
means that one-eighth of the overseers had 


771 aecidents. 


one-third of all of the accidents. In the same 
manner, these overseers had a little less 
than one-third of all of the lost-time acci- 
dents. | 

What is the nature of the work in these 
departments to cause such a high accident 
rate? To aid in this answer, these depart- 
ments may be grouped as follows: 


( Throug ‘awing ‘alde 
ee, Through drawing (Walden) 


( Repair (James) 
Print | Repair (Jackson) 
Works — ¢ Printing (Albee) 


{ Through roving * (Simmons) 


Cotton —raer . 
( Spinning (Brink) 


This grouping shows certain rather 
striking facts. In the case of cotton manu- 

* Through roving means that these departments include 
all the processes from the picking and carding machines in 


the manufacturing process to the time when the material 
is presented to the spinning machines. 
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facturing, the groups show that what- 
ever methods of accident prevention have 
been adopted, there is still a great deal to be 
done. For in cotton, the accident frequency 
is greatest in the industry throughout the 
entire manufacture of the spun thread. 


TABLE 2.— CLASSIFICATION OF ACCIDENTS 


BY DEPARTMENTS 


Lost-Time Accidents Total Accidents 
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This series of processes includes the entire 
machine list up to the looms. 

In worsted manufacture, the fact of the 
longer staple of the raw material may in- 
The fact that 


there are less interruptions to the process of 


fluence the accident rate. 


manufacture due to a breaking of the fabric 
in its passage through the machines will 
probably be responsible for the less degree 
of risk in the spinning process as compared 
to the cotton. 

The fact that the repair department 
should appear twice is more easily ex- 
plained. This department is a peculiarly 
risky one due to the fact that it is work 
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demanding much closer association with 
machines out of order, and where the risk 
arising from accidental starting and stop- 
ping of the machines is greater. The men 
in these departments are constantly doing 
work on the more complicated parts of the 
machines, work requiring frequent starting 
and stopping of the machines to determine 
whether or not the repairs are satisfactory. 
Moreover, a greater number of machine 
tools are being handled in these depart- 
ments than elsewhere. 

In the printing process, there are two 
major causes for the higher accident rate. 
One of these is the “doctor-blade,” an in- 
strument used in connection with the print- 
ing machine which has an unduly large 
number of accidents. ‘This blade is a long 
one used for scraping off the surplus of 
color from the copper rolls as they turn 
against the print cloth. This blade is very 
sharp and requires frequent sharpening by 
a hand method. In running over a list of 
the accidents in the print works, I am sur- 
prised at the number of reports which state 


that the employee was cut on this blade. 
The process of sharpening is identical with 
the ordinary method of a boy sharpening a 
jack-knife, but here the blade is much 
sharper and at least 36 inches long. The 
smoothing off process after the actual 
sharpening is particularly conducive to 
accidents because of the danger from cuts 
when the sharp edge of the long blade is 
rubbed with the smoothing cloth. 

In this discussion of the reasons for acci- 
dent. disposition I have not attempted to 
cover all of the causes of accidents, but I 
have attempted to bring out the most 
salient features of accident occurrence in 
the textile industry. The main purpose of 
this study will have been achieved if the 
engineer has been guided in his work to the 
important points of attack in the reduction 
of accident occurrence. For at this point, 
the work of the statistician must end; 
actual accident prevention is a process of 
safeguarding machines against the possi- 
bility of accidents, and this is the engineer’s 
task. 
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INDUSTRIAL “GASSING” AND THE EDWARD MEDAL 


THOMAS M. LEGGE, M.D., D.P.H. 
His Majesty’s Medical Inspector of Factories 


Ky have been thrilled during the war 

by deeds of bravery done by the 
highest and lowest in the army, and no less 
do those who know the risks run by work- 
ers In munition factories at home stint 
praise of the presence of mind, courage, 
and self-sacrifice shown by workers in at- 
tempting to extinguish fires or prevent ex- 
plosions, or in risking health in the service 
of their country. This, however, is no new 
thing; and when I look through the reports 
on cases of poisoning by fumes and gases, I 
am always carried away, as in the reading 
of a romance, by the excitement of the 
event, the tangled thread of circumstance 
which has brought the situation about, the 
attendant sins of omission and commission, 
and I breathe a sigh of relief or feel a lump 
in the throat, as success or disaster attends 
the effort at rescue. 

When we talk in cold blood about work- 
ers, reference is sometimes made to traits 
of weariness that come over them, as 
evinced in limitation of output. We speak 
of ** Weary Willies” and of a Ca’ Canny” 
policy. But where a workman’s life is in 
danger, I have vet to read of any fellow 
worker shirking the effort at rescue, or 
even hesitating to risk his own life in the 
attempt. The scenes thus visualised carry 
the mind’s eye to high gantry stagings 
the feeding places on the tops of blast 
furnaces — to cleaning operations inside re- 
torts — acid eggs — tank wagons, access 
to which has to be gained through man- 
holes so small that a man must squeeze 
his body to pass through, to dark under- 
ground passages in the mine where, craw]- 
ing on his hands and knees in mephitic 
atmosphere, and running in danger from 


* Lowell Institute Lecture, delivered in Boston, Mass., 
Dec. 4, 1919. Received for publication Feb. 1, 1920. 
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falling roofs, the rescue party slowly makes 
its way. The whole atmosphere around 
these gassing cases is tense in the highest 
degree. Even the language in which the 
inspector describes the occurrence has in it 
something of the knell of fate: 


During salvage operations on board the steamship 
Great City, the holds of which the men knew to be 
heavily charged with gas arising from decomposing 
grain, one of the stevedore’s men noticed some pieces 
of wood floating towards the pump and, contrary to 
strict orders, went down to pick the wood up so as to 
prevent the pump from choking. While in the act of 
doing this, he was overcome by gas and fell into the 
water. Anderson, who had some time previously 
suffered from gas poisoning, and therefore knew the 
gravity of the risk at once went to his assistance and 
succeeded in holding him up while a rope was being 
sent down to him, but before this could reach him he 
was also overcome and fell into the water. Tierney 
and Gab then went to the rescue, but both were also 
overcome, Anderson, Tierney and Gab undoubtedly 
lost their lives in an endeavour to save the lives of 


their fellow workman! 


The following are instances of the dra- 
matic nature of carbonic oxide poisoning, 
of which the symptoms are so insidious 
almost the first effect being to rob the 
workman of the use of his limbs: 


A man named Heald descended into a melting 
furnace 30 feet high in order to adjust a piece of 
scrap iron under which some coke had to be placed. 
Heald descended into the furnace by a chain, and 
was immediately overcome by noxious gas which had 
collected there. A man standing at the top at once 
gave the alarm and Shadrach Jackson and Ince 
came to his assistance. Jackson without hesitation 
slid down the chain, and a rope was thrown to him, 
which he tied round Heald, who was then pulled up, 
Jackson climbing up the chain after him. As Jack- 
son, however, reached the door through which Heald 
was being pulled he too was overcome by the gas 
and fell back to the bottom of the furnace. Ince then 
descended and placed a rope round Jackson’s body, 
but unfortunately it slipped off before the men could 
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be pulled out, though Ince, feeling that he was over- 
come by the gas, climbed up the chains and escaped. 
On recovering, Ince went down a second time, once 
more tied the rope round Jackson, but again failed to 
bring him to the surface, though he himself escaped 
by a ladder which had been brought. At this, 
Darley then went down the ladder with a rope, 
which was attached to Jackson’s belt, but unfortu- 
nately the belt gave way. On Darley coming up, 
Speke went down, and the rope being more securely 
tied round Jackson’s body, he was extricated, though 
unhappily, on reaching the surface it was found 
that he was dead. All the men were fully aware of 


the risk towhich they repeatedly exposed themselves. 


Ifow could those men have known that 
one of the first effects of carbonic oxide gas 
would be to rob them of the use of their 
limbs, and how comes it that no mention 1s 
made of the use of a safety helmet or 
mask? 

Every year carbonic oxide gas claims 
more victims than any other gas in fac- 
tories and workshops because of the wide 
extension its use has undergone in the 
manufacture of water gas, and of other 
gases of a similar nature — suction gas, 
Dowson gas, Mond gas, power gas, pro- 
ducer gas, and blast furnace gas for driving 
gas engines, heating furnaces and boilers, 
welding, soldering, and other industrial 
purposes. Whereas the proportion of car- 
bonic oxide in coal gas varies from 4 to 12 
per cent., in carburetted water gas it 
reaches 30 per cent., and in blast furnace 
gas about 25 per cent. 

The casualties are traceable to several 
common causes, of which the principal are, 
besides ordinary leakages from joints and 
taps or in pipes or flues conveying gas: (1) 
gradual escape into small engine rooms, 
weigh cabins or offices; (2) cleaning and 
repairing engines and tanks, scrumbles or 
blast furnace flues; (3) inefficient discon- 
nection from the blast furnace of the flue 
during cleaning; (4) charging cupola fur- 
naces; (5) percolation of gas through 
several yards of soil from underground 
flues; (6) conveyance by the wind of gas 


escaping from defective reservoirs through 
ventilators and open windows into work- 
rooms at a distance; (7) ignorance of the 
danger and of the earliest symptoms; (8) 
inodorous nature of the gas; (9) working 
alone; and (10) lack of rescue appliances. 


A workman employed by the Frodingham Iron & 
Steel Co., Ltd., was overcome by gas in a manhole at 
the Company’s blast furnace at Scunthorpe. After 
several ineffectual attempts had been made to rescue 
the unfortunate man, Thackeray, a fellow workman, 
volunteered and, tying a handkerchief over his 
mouth, entered the manhole and succeeded in raising 
the man sufficiently to enable other workmen out- 
side to get him out, but it was too late to restore him. 
Thackeray himself was overcome by the gas and did 
not recover entire consciousness until the following 
morning. 


Tied a handkerchief round his mouth! 
Again ignorance of the danger of the symp- 
toms and of the right means of rescue! 

An insidious gas of which you do not re- 
quire to be told the poisonous properties — 
sulphuretted hydrogen gas which, in a 
proportion of 1 in 1000 parts of air, causes 
unconsciousness — is a source of poisoning 
in the cleaning out of tar stills and of sewers 
in the absence of proper precautions. 

Alfred Butterfield, a workman employed at the 
Luton Corporation descended a sump hole at the 
Luton Sewage Farm and was overcome by foul gas 
which had accumulated there. William Brandon 
immediately went to his rescue and descended the 
hole but was overcome by the gas. In spite of the 
serious danger disclosed by the previous attempt at 
rescue, Herbert Carter decided to make the descent 
and placing a handkerchief over his mouth, was 
lowered by two ropes into the hole. There he found 
that Butterfield was dead and Brandon was uncon- 
scious. He placed a rope round Brandon and they 


were both drawn to the surface. Carter then de- 
scended again and attached a rope to Butterfield. 


A handkerchief again! You will almost 
think it is the only remedy we can suggest 
in England. Such is, however, not quite 
the case. The measures we recommend in 
cleaning out tar stills are: (1) complete 
isolation from adjoining tar stills; (2) ven- 
tilation of every tar still before persons are 
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allowed to enter; (3) inspection by the 
foreman of the tar still before any work- 
man is allowed in it; (4) foreman and all 
persons employed in tar stills should wear 
a rope securely fastened, with a long end 
left free, and two men outside whose sole 
duty should be to watch and draw out any 
person appearing to be affected; (5) pro- 
vision of an oxygen cylinder with a mouth 
piece and printed instructions as to the use 
of the bottle and the method of employing 
artificial respiration. 

The cases I have cited are all instances of 
the award of the Edward Medal which, on 
the recommendation of the Home Secretary 
alone, the King, as representing the coun- 
try, has made since 1909 to his subjects 
who, in the course of industrial employ- 
ment, risk their lives in the effort at rescue 
not only in Great Britain, but in all British 
Dominions or territories under his protec- 
tion. The medal bears on the reverse the 
King’s efigy, and on the obverse a design 
and the words “‘ For Courage.”’ 

I thought before I came to the States 
that you had nothing quite comparable 
with the Edward Medal. Neither have 
you, but I had forgotten the Carnegie 
Hero Fund, the records of the awards un- 
der which tell just the same story, with 
even worse insistence — ludicrous indeed 
were it not so tragic — of the fatal pocket 
handkerchief. Thus: 

Edward Davis, 32, died saving James Dougherty 


7 


on March 27, 1916. With a wet handkerchief over 
his nose and mouth he entered the kettle full of 
deadly fumes, but he was affected by the fumes be- 
iore he could lift Dougherty, and hurriedly ascended. 
\iter another man had made an unsuccessful at- 
tempt, Davis re-entered with the handkerchief over 
his face and a rope tied round him. He tied another 
rope to Dougherty and hurried from the kettle. As 
he emerged he gasped and fell unconscious, and ef- 
forts to save him with the pulmotor were fruitless. 


Perhaps of all the gases and fumes the 
most treacherous are nitrous fumes. They 
are commonly given off in nitrating proc- 
esses in explosive and synthetic dye fac- 
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tories. They seem at any rate to be the 
fumes with which familiarity breeds con- 
tempt more readily than with others, and 
with them perhaps the folded handkerchief 
is the rescue appliance relied on more often 
than any other. The fuli effect of inhaling 
these fumes is not felt immediately, and so 
workers often continue at work and unwit- 
tingly inhale a fatal dose. What happens 
then is that after the initial gassing effects 
pass off, the workman feels better and con- 
tinues his work for perhaps the rest of the 
day. The increased exertion of going home 
makes him feel short of breath, and this 
shortening of the breath gets steadily 
worse until he swims for his life. ‘The ex- 
planation of the delayed action is simple, 
seeing that it takes a few hours for the in- 
flammatory process set up in his lungs to 
develop, and finally to drown him in his 
own secretions. 


A man named Richard Morgan was repairing an 
electric wire on the top of a four-story building, 
when he was overcome by poisonous fumes given off 
by an overflow of acid on the ground floor. The 
fumes, which were dense and suffocating, soon filled 
the building, and McNab, a foreman fitter, and two 
other workmen went up an outside staircase pro- 
vided for cases of emergency in search of Morgan, 
but receiving no reply to their shouts, descended. 
MeNab then, hearing from other workmen that 
Morgan was on the roof, went up the staircase 
again, but without success. McNab then went up 
for the third time, and succeeded in entering the 
room where Morgan was. Crawling on his hands 
and knees, he managed to grasp Morgan’s hand, and 
drag him out to the landing, where he obtained 
assistance in carrying Morgan downstairs. McNab 
showed presence of mind and persistent bravery in 
face of danger, though his effort to save Morgan’s 
life was unfortunately unavailing, as Morgan suc- 
cumbed after ,some hours to the effects of the 
poisonous fumes. 


In addition to the resourcefulness and 
bravery shown in rescue work, perusal of 
the gassing cases bring out another equally 
significant feature too little dwelt upon — 
namely, the extraordinary sense of respon- 
sibility shown often by the workman and 
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the marvellous pertinacity and devotion to 
duty he displays, often in the face of dire 
peril to his own life. Instances I have cited 
show this and show how this sense of re- 
sponsibility forces him even to break 
through the = strictest) orders. A man, 
Charles Smith of Rawtenstall, last year was 
in charge of some revolving benzine de- 
greasing vats. Blow-off cocks were fitted, 
and one of them gave way, allowing the 
benzine to escape, of which there were 3000 
gallons under a pressure of 30 pounds. 
Smith entered the vat room four times In 
unavailing attempts to turn off the steam. 
Ile was three times fetched out, overcome 
by the benzine fumes. After the third time 
he was left alone under a promise not to re- 
turn, by the night foreman who was called 
away to search for two other men. On 
coming back he could not find Smith where 
he had left him and guessing what had hap- 
pened he returned to the vat room to find him 
lving unconscious — unconsciousness from 
which he never recovered. Cases like this 
where death claims its vietims come to 
light, but they are but instances of what 
happens more often than one can count. 
The paramount instinct of setting the 
wrong right perhaps of correcting a mis- 
take and being rid of the reproach of con- 
ScTelice is there. 

Hlow can the way in which gases and 
fumes act be best presented to the mind’s 
eve so that they do not confuse, but fall 
into their place in ordered sequence; so 
that, knowing the type, we can predict the 
probable action of a similar, related com- 
pound. Such a classification is not easy 
because classification should take account 
of the relative toxicity of the compounds - 
the fact that one is very poisonous, and an- 
other only slightly so, like the compounds 
of arsenic. Account must also be taken of 
the various processes and the way in which 
they may be used as, for example, the ease 
or otherwise with which exhaust ventila- 
tion can be applied; and if the list is not to 


lead to false ideas, it must be complete, or 
else omission may lead to the assumption 
that those omitted are harmless. This, for 
instance, has occurred in the case of benzol. 
In 1915 the French government wrote, ask- 
ing for our experience of danger attaching 
to the use of benzene. They did not say for 
what purpose they intended to use it, but it 
turned out it was as a solvent for india- 
rubber in the proofing of balloon fabric. 
At that time, we had only had experience 
of unconsciousness produced by accidental 
breakage of a benzol still, not of chronic 
poisoning. But at the back of my mind I 
knew of one or two isolated instances of 
profound disturbance of the blood resulting 
in symptoms resembling scurvy, which had 
been reported in the United States and 
Sweden. I said to myself, “Is not this a 
negligible danger to which I had better not 


. ss 


refer? Well, those very symptoms of 
chronic benzol poisoning, a form of perni- 
clous anemia, occurred later, and disturbed 
profoundly the peace of mind of the great 
rubber manufacturers in the country. 

As a result of dilution with air, most in- 
dustrial poisons can be absorbed only in 
very minute doses, vet some are so much 
more potent than others that one, like 
naphtha, may be disregarded, and another, 
like arseniuretted hydrogen gas or sul- 
phuretted hydrogen gas or carbonic oxide, 
prove fatal. For some of them, therefore, 
the term industrial poison is a misnomer 
until the amount absorbed has reached a 
certain concentration. But we must have a 
classification, and the best line to adopt is a 
chemical basis, because whatever differences 
there may be between different members of 
the same chemical group, will be differ- 
ences of degree and less marked than those 
produced by another chemical group. 
Thus, you would have the two main divi- 
sions of (1) INORGANIC, and (2) ORGANIC 
poisons.* The sub-divisions of (1) inorganic 

* This list is practically that of Fischer, formerly Di- 


rector of the Institute for Factory Hygiene, Frankfurt 
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poisons are: (a) non-metallic: 
‘alcium chloride, hydrochloric acid, potas- 
sium chlorate, hydrofluoric acid, carbonic 
oxide, phosgene, carbon dioxide, cyanogen 
compounds, ammonia, nitrous fumes, phos- 
phorus, phosphoretted hydrogen, arsenic 
compounds, antimony compounds, sulphur 
dioxide, sulphuric acid, sulphuretted hy- 
drogen, carbon bisulphide, chloride of sul- 
phur; and (b) metallic -— chromic acid and 
chromates, manganese dioxide, sulphate of 
nickel, mercury and lead. The sub-divi- 
sions of (2) the organic substances are: 
(a) the unsaturated carbon compounds 
benzene, petroleum, methyl, ethyl, amyl, 
and allvl-aleohol, oxalic acid, formal- and 
acetaldehyde, acrolein, acetone, methyl- 
bromide and iodine, nitroglycerine, di- 
methyl-sulphate and amyl acetate; and (b) 
the aromatic series — benzol, the nitro and 
amido derivatives of benzene, toluene and 
their homologues (which would include 
dinitrobenzene, trinitrotoluene, anilin, pa- 
ranitranilin, ete.) and their chlorine sub- 
stitution compounds. Then would come 
phenol and its nitro derivatives (dinitro- 
phenol and picric acid), the chlorine com- 
pounds of carbon, ethylene and ethane 
(such as carbon tetrachloride and _ tetra- 
chlorethane), and pyridin, naphthalin, ben- 
zidin, acridin and turpentine. 
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But we can summarize the effect on the 
tissues of various poisons briefly by classify- 
ing them as having action by: 

1. Irritating the mucous membrane — 
chlorine, nitrous fumes, sulphur dioxide, 
formaldehyde. . 

2. Altering the constituents of the blood, 
which is peculiarly the property of the 
nitro and amido derivatives of benzene, of 
arseniuretted hydrogen ges, and of car- 
bonic oxide gas. 

3. Affecting the brain and nervous svs- 
tem — carbon bisulphide and the unsatu- 
rated carbon compounds. 

4. Affecting metabolism by remote ac- 
tion on organs and tissues —— phosphorus, 
lead, tetrachlorethane, benzol, toluene, and 
their nitro derivatives. 

You see how complicated the matter 
becomes in attempting even so simple a 
classification as this, since overlapping 
comes in very quickly. When all is said and 
done, the number of the common indus- 
trial poisons is small, and you have done 
your duty if vou have mastered these 
carbonic oxide, sulphuretted hydrogen, 
lead, mercury, nitrous fumes, and arseniu- 
retted hydrogen gas. 

[Lantern slides of the Edward and Albert 
Medals, rescue appliances, and method of 
exhaust ventilation were shown. | 
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EXPERIMENTAL TRINITROTOLUENE POISONING * 


SAMUEL R. HAYTHORN, M.D. 
(From the William H. Singer Memorial Research Laboratory, Pittsburgh) 


N October, 1917, an employee of a large 

trinitrotoluene (trinitrotoluol, T.N.T.) 
factory was admitted to the Allegheny 
General Hospital with an acute toxic jaun- 
dice. He lived less than twenty-four hours 
and the principal lesion found at autopsy 
was that of a very pronounced yellow 
atrophy of the liver. Reference to the 
literature showed that several such in- 
stances had been noted in England (1) (2) 
(3), and that one similar case had been re- 
ported (4) in the United States. In spite of 
the fact that the reports on animal work 
were very meagre (5) (6) (7) and were 
chiefly of the negative sort, we began at 
once to try to produce trinitrotoluene 
poisoning experimentally. We hoped not 
only to be able to study the histogenesis of 
the liver lesions in this way but also def- 
initely to determine the most important 
route of entrance of the toxic substances to 
the body. Reports of our findings in the 
case of toxie jaundice and of our earlier 
experimental work were made in former 
papers (8) (9). The purpose of this paper 
is to report all of our experimental work, 
and to apply the results as far as it is pos- 
sible in interpreting the clinical manifesta- 
tions of ‘T.N.T. poisoning. 


EXPERIMENTS TO DETERMINE THE Most 
IMPORTANT RoutTE oF ABSORPTION OF 
TRINITROTOLUOL BY THE Bopy 


‘Trinitrotoluene workers are exposed to 
T.N.T. in several different ways, depend- 
ing largely on the department of the factory 
in which they are employed. If the individ- 
ual works in the nitrating room, he inhales 
gases from volatilized T.N.T. and from 
boiling acids. If he is in a grinding depart- 


* Received for publication July 12, 1920. 


ment or some other dusty part of the works, 
he gets a certain amount of it into his nose 
and mouth, on his hands, and into the 
meshes of his clothing, and probably in- 
spires a small amount of it. If he is a packer 
of wet T.N.T., he is exposed to the dust ad- 
hering to the walls of the containers which 
are returned to be refilled, and, at times, 
also has his hands in contact with the wet, 
soggy, irritating masses of T.N.T. It ap- 
peared then, from the way in which the 
worker is brought in contact with T.N.T., 
that there were at least three possible 
routes of entrance for the poison; namely, 
through the air passages, through the skin, 
and by way of the alimentary tract. 


Absorption along the Air Passages 


Theoretically, there are two _ possible 
ways of producing poisoning by way of the 
air passages— one, by subjecting the 
animals to the fumes of volatilized T.N.T., 
and the other, by forcing the dust into their 
lungs. 

Our first set of experiments was with the 
fumes and consisted in placing four guinea 
pigs in a closed compartment where they 
were exposed daily to the gases formed by 
the evaporation of T.N.T. The exposures 
at first made were of one-half hour’s dura- 
tion, but as this caused the animals to ex- 
hibit no symptoms, the time was increased 
until they were given about three hours ex- 
posure daily. At first, the fumes were gen- 
erated by placing a container full of T.N.T. 
on an electrically heated water bath, in 
which the water was kept boiling. The 
animals were far more seriously affected by 
the steam than by the fumes, so that later 
an electric hot plate was substituted for the 
water bath and the T.N.T. powder sprayed 
upon the plate from a small atomizer. 
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With this method, volatilization of the 
powder occurred instantly, so that the box 
was soon filled with yellow fumes. After 
about a month, the four animals were ac- 
cidentally overcome by the heat in the 
box and died from the effects. These ani- 
mals exhibited no lesions which could be 
ascribed to T.N.T., and as no uncon- 
taminated samples of urine were obtained 
during life, and as their bladders were 
empty at autopsy, it is not possible to 
state whether or not they absorbed any 
(ok 

The second set of experiments was con- 
ducted on two guinea pigs and two rabbits. 
These animals had gags placed in their 
mouths so that the interference to inhala- 
tion due to the intricate turbinate bones 
was removed. The fumes were generated 
by the atomizer and hot plate method, but 
were led into the box through a short flue to 
prevent over-heating of the animals. Cath- 
eterized specimens of urine from the rab- 
bits were examined daily. On the fifth day 
a positive Webster’s test was given by the 
urine from one rabbit. All of the other 
findings in this group were negative. 

Smith (10) made the observation, in dis- 
cussing the above experiments, that when 
T.N.T. vaporizes it is broken up into sev- 
eral different gases so that the animals did 
not receive T.N.T. as such. The single 
positive finding can be explained by the 
absorption of the T.N.T. dust which sub- 
limated on the skin of the rabbit. 

We found no evidence that fumes pro- 
duce T.N.T. poisoning, though they un- 
doubtedly play a part in the condition 
discussed under the heading, Acute Gassing. 

In a recent report on the investigation of 
ILN.T. poisoning by the United States 
Public Health Service (11), mention is 
made of the successful 
T.N.T. dust into the lower air passages. 
Moore (5) and Putnam and Herman (12) 
have shown that the quantity of T.N.T. 
dust which is present in the T.N.T. factory 


introduction of 
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is so small that it is hardly likely to be the 
‘ause of the poisoning. We performed a 
few experiments in which we attempted to 
insuffate the lungs with T.N.T. dust by 
blowing the fine powder from an atomizer 
into the back of the pharynx, the current 
being continued long enough to force the 
animal to inspire deeply. Again, our 
method of feeding, which we will describe 
later, undoubtedly led to a deposit of some 
of the powder in the larynx and trachea. 
Large phagocytic endothelial leucocytes 
filled with bright yellow granules were 
found in the lungs of many of the animals. 
These granules did not give the iron reac- 
tion, and we attempted to apply a modified 
Webster’s test to frozen sections 
watching for the reaction under the mi- 
croscope. Our tests failed to prove that 
these granules were T.N.T., but it is pos- 
sible that they were. 

We believe from the above cited evidence 
that it is possible to force T.N.T. powder 
into the lungs under experimental condi- 
tions, but that the route as a source of 
poisoning to the T.N.T. worker is an un- 
important one. 


while 


Absorption through the Skin 


Most clinical observers believe the skin 
to be the most common means of absorp- 
tion of trinitrotoluene and it undoubtedly 
plays a considerable part in bringing about 
poisoning. However, some of the evidence 
which has been advanced to prove that the 
skin is the only important means of absorp- 
Moore's 


experiment upon himself has not been 


tion is not entirely convincing. 


borne out by others, and I have rubbed 
large quantities of T.N.T powder on my 
arms for several days consecutively, have 
obtained a reddening of the skin from the 
procedure, but have been unable to pro- 
duce a positive Webster's test. Putnam’s 
and Herman’s argument that the dirtiest 
men were always the sickest scarcely rules 


out the possibility of these individuals :; 
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having carried a larger amount of T.N.T. 
powder to their mouths by way of the 
hands, food, ete., than the other individ- 
uals did, and the argument that the pro- 
tective varnish cut down the occurrence of 
the poisoning does not take into considera- 
tion the fact that this varnish was regularly 
removed by thorough washing and cleans- 
ing with alcohol before the men went to 
their meals and homes. 

experimentally we produced liver lesions 
of the red, hyalin type in guinea pigs by 
Inunctions with 10 per cent. T.N.T. oint- 
ment, in which lanolin was used as a 
menstruum. The symptoms in these ani- 
mals did nol appear until after repeated 
inunctions, and positive Webster’s tests 
were obtained on catheterized samples of 
urine from rabbits which had been rubbed 
between the shoulders with the ointment 
no earlier than five days after the first rub- 
bing. Subcutaneous injections of T.N.T. 
mixed with lanolin (10 per cent.) produced 
positive Webster's tests in the urine. One 
voung guinea pig died within twenty-four 
hours after a 2-e.c. subcutaneous injection 
of the material. This animal developed 
a general edema in which the fluids of 
the body were stained bright yellow. Five 
other animals injected on the same day 
showed no ill effects. 


Absorption along the Alimentary Canal 


From the standpoint of practical work it 
is scarcely possible to exclude the intestinal 
route. The workers complain of the bitter 
taste in the mouth and the substance is ex- 
ceedingly soluble in saliva and in gastric 
juice. The use of “chewing tobacco” is a 
common habit among the employees, and 
before extreme cleanliness) was_ insisted 
upon, the men were as a rule careless about 
washing well before eating their meals. 


The dust which collects in the posterior 


naso-pharynx is commonly swallowed. <Al- 
together there are many ways in which 
TeN.T. may reach the intestinal tract. 


Experimentally, feeding is the surest 
way of producing poisoning in animals, 
though individual susceptibility makes it 
very difficult to determine the lethal dose. 
Young guinea pigs are much more sus- 
ceptible than older ones, but the latter 
occasionally show surprising variations. 
T.N.T. is quite soluble in milk and poison- 
ing can be produced by feeding milk sat- 
urated with the powder. Graham crackers 
soaked in T.N.T. and milk produce very 
violent diarrheas in the animals, but the 
bitter taste makes it difficult to get the 
animals to eat them. We were most suc- 
cessful in depositing the powder in the 
back of an animal’s throat and following 
this either with a drink of milk, water, or 
10 per cent. alcohol, and holding the nose 
until the animal swallowed. Guinea pigs 
fed in this way presented poisoning symp- 
toms in from three days to two weeks, de- 
pending on the dose, age of the pig, and 
individual susceptibility. Rabbits fed in a 
similar way showed blood changes and 
positive Webster’s tests in catheterized 
samples of urine, after two or three feed- 
ings. 

We conclude, therefore, from our experi- 
mental results that both the skin and ali- 
mentary tract are important routes of 
entrance of trinitrotoluene to the body, and 
that the lungs and air passages absorb 
apparently negligible quantities. 


SoLUBILITY OF T.N.T. In: Bopy 
FLUIDS 


We found that all of the body fluids 
which we tested would take up enough 
T.N.T. to give positive Webster’s tests, 
but we gave up the endeavor to determine 
quantitative solubilities because of the 
difficulties of quantitative determinations, 
since it required widely varying quantities 
of different samples of the same fluid to 
absorb a given quantity of the powder, and 


because the value of the results did not ap- 
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pear to justify the work necessary. Sev- 
eral samples of each of the body fluids 
mentioned in the following table were in- 
cubated with T.N.T. powder for twenty: 
four hours, were filtered, the reaction 
taken, the general appearance noted, and 
the filtrate divided into two portions. One 
portion was examined by superimposing a 
laver of 40 per cent. potassium hydroxide 
in absolute alcohol; the other portion was 
acidified by sulphuric acid, extracted with 
ether, and tested with the hydroxide and 
alcohol solution according to Webster’s 
method. The number of plus signs indicates 
roughly the relative rapidity and strength 
of the reaction and the permanency of the 
brown color which remained as the end 
reaction. 


Body Fluid 


Appearance Direct Test Webster's Test 





Saliva orange-brown 
Stomach juice — colorless 
Milk (cow's) 


Human bile 


yellow to orange 
brown to black + 4 
Human serum dark brown 


Urine yellow-brown 


CLINICAL TYPES OF THE DISEASE WITH 
REFERENCE TO EXPERIMENTAL DATA 


Trinitrotoluene in man has manifested 
itself in several different clinical forms, but 
it is not possible to differentiate all of them 
experimentally. The types generally de- 
scribed are “Acute Gassings,” ‘* Derma- 
titis,”’ “Minor Poisonings,”’ “‘Severe Toxe- 
mias,” “Toxic Jaundice and Acute Yellow 
Atrophy of the Liver,” ‘Toxic Anemia” 
and ** Aplastic Anemia.” | 

Acute Gassings. — This form of poison- 
ing is due to the inhalation of poisonous 
gases formed during the manufacture of 
T.N.T., though not due to T.N.T. as a 
chemical entity. Dr. F. W. Matthewson 
(13), physician for a large T.N.T. factory, 
treated about seventy-five employees, who 
had been ‘‘gassed”’ while at their work. 


Most of the instances occurred in the ni- 
trating room where toluol, sulphuric acid 
and nitric acid were mixed together and 
boiled in large vats called nitrators. The 
nitrators used in this plant were large vats 
12 feet high and 10 feet in diameter, and 
were closed except for a small opening 
near the top through which the operator 
watched to see that the acids were boiling 
properly. The boiling was continued for 
two or three hours at a time and during 
this time the operator was more or less 
constantly exposed to acid gases. The 
bulk of the gases were carried away from 
the nitrators in iron pipes, which led into 
terra cotta pipes laid on lead sheeting to 
prevent acids from dripping through. Ac- 
cording to Smith (10) there are always 
relatively large quantities of nitric acid, 
nitrous oxide, methane, hydrogen, and 
chlorine gases present in’ the nitrating 
rooms. Most of the instances of acute 
gassing followed sudden exposure to large 
quantities of gas, resulting from the erosion 
of pipes, minor explosions, or difficulty in 
controling the nitrator, but sometimes the 
clinical picture of acute gassing resulted 
from prolonged exposure to small quantities 
of the fumes. 

The suddenly gassed individuals became 
choked, cyanotic and sometimes lost con- 
sciousness. They were resuscitated with- 
out much difficulty and given forced 
inhalations of aromatic spirits of ammonia 
which was kept on hand in iron cylinders. 
The men were generally removed to their 
homes in a few hours. The more severely 
gassed began to spit blood at once and some 
continued to do so for several days. Oc- 
casionally, the gassings were followed, 
within twenty-four hours, by a chill, and 
numerous instances of severe bronchitis 
and moderate edema of the lungs followed. 
Complete recovery after several days rest 
in bed was the rule. Some, however, de- 
veloped bronchopneumonia, and there 
were two instances of lobar pneumonia. 
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A number of sputa from the bronchitis 
cases were sent us, and bacterial examina- 
tion revealed the usual respiratory flora, 
with a predominence of pneumococci, 
streptococci and staphylococci. The bron- 
chitis and bronchopneumonia apparently 
resulted from the implantation of these 
organisms on the injured surfaces of the 
bronchi and bronchioles. Wagner (14) 
reported an autopsy on a case of bron- 
chiolitis obliterans in a T.N.T. worker. 
The lesions in his case probably resulted 
from an acute gassing which destroyed the 
superficial layers so that attempted healing 
took place by organization. Dr. J. P. 
MekKelvy called my attention to a case of 
bronchial affection following prolonged ex- 
posure to gases in the nitrating room, 
which was of unusual interest from the 
radiographic findings. 


The patient, when admitted to Dr. McKelvy’s 
service at the Allegheny General Hospital, gave the 
following history. He had been employed in the ni- 
trating room of a T.N.T. plant for a number of 
weeks, where he worked twelve hours a day in the 
fumes. For a month before his entrance to the hos- 
pital he had suffered from shortness of breath, pains 
in the chest and cold in the head. He had no ven- 
ereal or genito-urinary infection but complained 
bitterly of the pain and burning on urination which 
he said was worse when he was on duty. He had 
given up his work for a few days but was offered a 
little better position and returned to the plant. His 
symptoms became so much worse that he entered the 
hospital. At the time of entrance to the hospital he 
was suffering from pain all over the chest and a 
severe cough. Physical examination showed the 
presence of moist rales throughout both lungs, most 
marked over the bases, and a prolongation of the 
expiratory note. He had little or no sputum. His 
temperature varied from 99° to 100° for the first 
three weeks and then became normal. The urine 
showed a slight trace of albumin, a positive Webster’s 
test, a strong test for urobilinogen, no evidence of 
bile and microscopically a few hyalin and granular 
casts. The red blood count was 5,230,000; the white 
count was 10,000; the hemoglobin, 105 per cent.; 
and the differential count showed polymorphonu- 
clear leucocytes 68 per cent., lymphocytes 18 per 
cent., and large mononuclear leucocytes 10 per cent. 
The first X-ray report suggested a cavity in the left 


apex with marked infiltration of the bronchi. The 
second X-ray plate made one week later showed 
marked thickening in the region of the hilus, with 
infiltration of the bronchi and mottling throughout 
both lungs. In another week there was no evidence of 
consolidation or suggestion of cavitation, but the 
prominence of the bronchial tree and mottling was 
still present. Two weeks later the chest was entirely 
negative. Recovery was apparently complete. 

The striking things about the case were 
the slow onset of the irritative bronchitis 
without other clinical evidences of infec- 
tion and the great prominence of the bron- 
chial tree on the radiogram, with the grad- 
ual fading of these shadows as the patient’s 
condition improved. In the light of the 
findings in Wagner’s case it was suggested 
that healing took place by partial organiza- 
tion and retraction of the exudate in the 
bronchi. 

Briefly stated, the lesions in acute gass- 
ings appear to consist in the injury to the 
surface epithelium, the exudation of serum, 
the invasion of organisms from the mouth 
and upper air passages, and the develop- 
ment of a more or less persistent bron- 
chitis and bronchiolitis, with an occasional 
instance in which the bronchial walls are 
so severely damaged that hemorrhage and 
fibrinous exudation take place, the base- 
ment membrane is destroyed, and healing 
occurs by the organization of the exudate. 
The condition, while not due to T.N.T., 
must be considered with T.N.T. poisoning 
because it is a form of gas poisoning incli- 
dental to the manufacture of T.N.T. 
Steps to prevent it must come up for con- 
sideration when the means for controlling 
the dangers to the manufacturers of trini- 
trotoluene are thoroughly worked out. 

T.N.T. Dermatitis. —T.N.T. is a local 
skin irritant and tends to produce staining, 
redness, hardening and scaliness of the 
skin. Instances of dermatitis have been 
described by White (15), Putnam and 
Herman (12) and others (16), (17). I per- 
sonally saw several instances which were 
complicated by the ordinary chaffing due 
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to exposure of the hands in winter weather. 
One of these instances showed deep crack- 
ing and crevicing. 

We attempted to produce T.N.T. poi- 
soning in guinea pigs and rabbits by rub- 
bing them with dry T.N.T., with wet 
T.N.T., and with T.N.T. suspended in oil. 
Dermatitis was developed more or less 
readily by each method. We purposely 
selected the back between the shoulders for 
the point of inunction because it was diffi- 
cult for the animals to irritate the area by 
scratching. ‘The skin became thickened, 
dry, scaly, the hair dropped out, and 
finally thick folds, or rugae, were formed. 
We also anointed several rabbits’ ears be- 
cause the loose tissues of the back were not 
very favorable for obtaining good sections. 
The ears passed through similar stages. 
When the skin was removed the subcu- 
taneous tissues were always found to be 
stained yellow. Microscopically, the ani- 
mal lesions resembled mild burns. The 
stratum corneum was thinned out and 
broken in places; the crusts were superficial 
and did not reach through the epidermis. 
The Malpighian layer was edematous, the 
fixed cells were swollen and the layer was 
infiltrated with a few polymorphonuclear 
leucocytes. Between the Malpighian layer 
and the papillae there were spaces filled 
with serum and polymorphonuclear leu- 
cocytes; the papillae and deep connective 
tissue fibers of the corium were edematous, 
the collagen fibrils were swollen, and the 
spaces between them were infiltrated with 
leucocytes, many of which were flattened 
out and appeared spindle shaped from pres- 
sure. A few plasma cells were present. The 
ducts of the sweat glands and hair follicles 
were profusely infiltrated with acute in- 
flammatory cells. 

Minor Poisonings and Severe Toxemias. 
— Many of the animals undoubtedly 
passed through phases known in the hu- 
man as “minor poisoning” and “‘severe 
toxemia,” but we were unable to differen- 
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tiate these stages. Diarrhea was a very 
common early symptom in the animals fed 
T.N.T. and was particularly noticeable in 
those fed oatmeal crackers soaked in milk 
saturated with T.N.T. Later on, constipa- 
tion was the rule. 

Toxic Jaundice and Acute Yellow Atrophy 
of the Liver. ——'The most serious effect of 
absorbing T.N.T. is the toxic jaundice and 
acute yellow atrophy of the liver which has 
been found associated with it. Twenty- 
nine autopsies on cases of this kind have 
been reported; by Spilsbury (18) seven 
cases; Thursfield (2) one case; Livingstone- 
Learmonth (16) one case; Martland (4) one 
‘ase; Stewart (19) eight cases; O’ Donovan 
(3) two cases; Oertel (20) one case; ‘Turn- 
bull (21) three of his own and four sub- 
mitted cases; and our own case (8). All of 
the clinical histories are more or less simi- 
lar, and the characteristic findings may be 
summarized as follows. ‘The employees re- 
covered from the initial nervousness and 
early toxic symptoms common in beginners 
and continued to work for several months 
in comparative comfort before the severe 
toxic symptoms, accompanied by jaun- 
dice, appeared. A few of them had quit the 
T.N.T. factory and sought other work. As 
the jaundice developed, the affected in- 
dividual experienced headache, general 
uneasiness and an itchiness of the skin. 
Medical examination revealed an elevated 
temperature, and a thorough urine exam- 
ination gave positive tests for bile or 
bilirubin, a strongly positive Webster’s 
test, and generally a positive test for al- 
bumin. Later the toxemia increased and 
vomiting, subcutaneous hemorrhages and 


Hem- 


orrhages from the lungs and stomach were 


pain over the liver developed. 


less constant signs and, finally, localized 
edemas appeared, the liver dullness de- 
creased greatly in size, and death ensued. 

The striking thing at autopsy in these 
cases was the very small, flabby liver which 
showed masses of red necrosis with remain- 
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ing portions of yellow liver tissue greatly 
infiltrated with fat. The left lobes were 
constantly more extensively affected than 
the right, and the weights varied from 
about 400 to 1200 gm. The gross picture of 
all of the cases was characteristic of the 
classical acute vellow atrophy. Other im- 
portant findings in nearly all of these cases 
were general icteric staining of the skin and 
of all the viscera, acute toxic nephritis, 
acute congestion of the spleen with en- 
largement, and petechial hemorrhages of 
pericardium, pleura and stomach mucosa. 
A few instances of hemorrhagic infarction 
of the lungs were reported. The bone mar- 
row was found hyperplastic three times out 
of six examinations. 

Histologically, the liver lesions are prob- 
ably identical with those of so-called acute 
vellow atrophy. Several observers made 
early attempts to show that there was a dif- 
ference in the amounts of fat and in the 
microchemical reactions of the fat present 
in the two conditions, but is it probable 
that the only differences were individual 
variations, which were dependent upon the 
stage of degeneration of the liver at the 
time of death and not upon any actual dif- 
ferences in the types of degeneration found. 


Arrempts To Repropuce THE LIVER 
CHANGES IN ANIMALS 


Trinitrotoluene was administered — to 
fifty-one animals, not counting controls, 
in the endeavor to produce acute yellow 
atrophy. Guinea pigs and rabbits were 
generally used, but one small series of dogs 
was tried. Nineteen out of twenty-eight 
guinea pigs exhibited liver lesions at au- 
topsy but only one instance could be justly 
called acute yellow atrophy. We found 
rabbits and dogs less susceptible but we did 
not use Voegtlin’s method in feeding the 
latter animals. The guinea pigs received 
relatively larger doses than the other 
animals. 


T.N.T. was given to the animals by feed- 
ing in various ways, was injected subcu- 
taneously in oil, was anointed in lanolin, 
and was dissolved in serum or normal salt 
and injected intravenously. Of all of these 
methods we had the best results in placing 
a small amount of powder on the back of 
the tongue by means of a glass tube and by 
following it with a drink of water or milk, 
and then holding the animal’s nose until 
the material was swallowed. In one series, 
10 per cent alcohol was used instead of 
water, because of the popular belief that 
the drinking of alcohol aggravates T.N.T. 
poisoning, but we obtained no evidence to 
the effect that poisoning progressed more 
rapidly or was more severe when alcohol 
was used. At first each dose was weighed 
carefully but this was given up as useless 
because the animals usually succeeded in 
spitting out a part of the powder and it was 
not possible to tell how much was actually 
swallowed. 

In both guinea pigs and rabbits symp- 
toms began to appear in from three to 
seven days. Guinea pigs showed earlier 
and more constant blood changes, while 
rabbits were found of value chiefly because 
of the ease with which they were cathe- 
terized and the urinary changes followed. 
Some animals died soon after symptoms 
appeared and some were kept in various 
stages of partial poisoning for weeks or 
months. 

Symptoms of Experimental Poisoning. 
The symptoms of experimental poisoning 
were fairly constant for both guinea pigs 
and rabbits, but were more exaggerated in 
the former. A description of the typical 
changes noted in guinea pigs covers the 
ground for both animals. 

After the guinea pigs had been fed with 
T.N.T. for two or three days, brownish 
liquid stools or unformed fecal masses were 
found in the cages but after a few more 
days only scanty hard scybala were seen. 
Blood counts made in from four to eight 
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days showed a moderate anemia. T.N.T. 
was sometimes stopped at this stage and 
the animals always recovered. After resting 
for several days, the feedings were re- 
sumed, and so on. In one series of animals, 
T.N.T. was given daily for some time and 
these animals exhibited mild symptoms for 
several days and then suddenly became 
emaciated, lost from 100 to 200 gm., and 
showed evidences of marked blood destruc- 
tion. When the animals in the latter series 
began to stay in one position and refused to 
eat, T.N.T. was discontinued for a time. 
Some of them recovered and others grew 
steadily worse and died in a day or two. 
Just before death they would sit shivering 
in one position and wobble from side to 
side as if drunk. The mucous membranes 
became purplish-yvellow, the eve grounds 
blanched and the soles of the feet became 
deeply cyanotic. The heart action became 
slow and sluggish, and it was almost impos- 
sible to get blood enough from the ear to 
make a satisfactory count. The tempera- 
ture was subnormal, 94° F. or less by rec- 
tum. Loss of bladder control and dragging 
of the hind legs were sometimes seen. One 
pig developed well-marked clonic convul- 
sions for two hours before death. 

Gross Autopsy Findings. At autopsy, 
the following findings were commonly seen 
Anointed animals 


stantly showed a yellowish discoloration of 


In guinea pigs. con- 
the subcutaneous tissues beneath the area 
of inunction. The brain and central ner- 
vous system showed no gross changes. ‘The 
heart was dilated, and the serum from the 
The 


lungs were yellowish and _ partially col- 


heart was vellowish-green in color. 


lapsed. The stomach was distended and so 
soft that the wall tore at the slightest 
manipulation. The intestines were gen- 
erally empty. The liver was enlarged, pale 
yellow and fatty and contained sharply 
The 
gall bladder was, as a rule, well filled and 
the contents were often thin and opales- 


defined white foci with red borders. 
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cent. The spleen was enlarged, congested 
and black in color. The adrenals were 
orange-yellow. The kidneys were deeply 
bile stained. The skeletal muscles were 
generally yellow and bile stained. The 
bone marrow was deep purple in color and 
solid in consistency. 

A condition similar to acute yellow 
atrophy of the liver was found in one guinea 
pig. This animal had been fed T.N.T., off 
and on, for nearly five months and, at one 
time, had recovered from a stage of poison- 
ing which had proved fatal to all other 
animals. The liver, in general, was a 
bright vellowish butter color, divided up 
by intersecting red lines. Two of the lobes 
were shrunken and contained large reddish 
lesions with a puckering of the other liver 
tissue which these red- 


radiated toward 


dened foci. The other organs resembled 
those found in all severe T.N.T. poisonings. 

Rabbits presented similar but less marked 
symptoms and those which died from the 
effects of ‘T.N.T. presented liver, spleen 
and kidney changes similar, both macro- 
scopically and microscopically, to those 
found in the guinea pigs. Hyperplasia of 
the bone marrow in them was found many 
times. 


Microscopic CHANGES IN EXPERI- 
MENTAL LESIONS 


Sections of the brain, heart, and skeletal 
muscles showed no convincing changes. 

Lungs. — The lungs were in part col- 
lapsed and often edematous. One or two 
instances of early pneumonia were seen 
and some of the lobules were hemorrhagic. 
In the animals in which T.N.T. was forced 
into the lungs, large phagocytic endo- 
thelial cells were found in the alveoli and 
these contained both black granules due to 
anthracosis and coarse yellowish granules 
which did not give the iron reaction. 

Liver. — The liver lesions were of several 
kinds, varying largely with the duration of 
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the poisoning, and may be separated, for 
purposes of description, into focal necroses, 
fatty changes and diffuse areas of necrosis. 

The earliest lesions seen were small 
sharply defined foci of necrosis. These 
varied in size from the involvement of a 


infiltrated with inflammatory cells. A 
third type of focal necrosis consisted of a 
small area of cells which appeared to have 
undergone coagulation necrosis and chro- 
matolysis. The cells of these areas stained 
irregularly and the nuclear material pre- 
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Kia. 1. — Liver of guinea pig which had been poisoned repeatedly with T.N.T. for a period 
of nearly five months. Magnification is Zeiss AA Objective, No. 2 eyepiece. The left Half of 
the figure shows a portion of the liver which has undergone extensive fatty infiltration, the 
interlobular connective tissue apparently being increased. The right half of the figure shows 
a portion of the liver in which the lobules are wholly necrotic, the stroma and cell spaces 
filled with blood alone remaining. Projecting into this area from the upper right-hand corner 
is an island of periportal connective tissue showing the proliferation of bile ducts. The gross 
appearance of the lobe from which this tissue came was that of acute yellow atrophy. 


few cells only, to about one-third of a lobule 
and were located near the central vein. 
Some of these small foci appeared to con- 
tain a few fibrin strands and were infil- 
trated with polynuclear and endothelial 
leucocytes. Some were simply sharply 
demarcated islands of cells which took 
eosin but no nuclear stains and were not 


sented the appearance of flowing from one 
cell to the next. These lesions resembled 
the necrosis of eclampsia save that none of 
them was found near the periportal con- 
nective tissue. 

In the animals where the poisoning was 
carried out over a more prolonged period, 
the liver lobules showed advanced fatty 
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changes of both globular and granular 
types. The globules were found in the cells 
about the central vein and in some instances 
were seen to some extent throughout all of 
the lobule. In the very advanced fatty 
changes the inner one-half to one-third of 
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granular fat. The cells immediately about 
the periportal areas appeared to be infil- 
trated the least and the blood sinuses in 
these areas were usually congested. Asso- 
ciated with the fatty changes were fairly 
large areas of necrosis. These areas were 

















Fic. 2. — Section of the spleen of a guinea pig poisoned with T.N.T. Magnification, Zeiss 
DD Objective, No. 4 eyepiece. Note the large endothelial leucocytes, phagocytic for red cells, 


cellular debris, and blood pigment. 


the lobule was infiltrated with large fat 
globules and the cells were so greatly swol- 
len that sinusoids appeared to have been 
compressed so tightly as to exclude the red 
blood cells from this portion of the sinus. 
Occasional large phagocytic endothelial 
cells filled with brown pigment remained to 
mark the positions of the sinusoids in such 
areas. Outside of this globular fatty area 
there were cells showing granular change, 
which Sudan III stains showed to be finely 


found adjoining the central vein, in the 
mid-zonal regions and were common just 
beneath the liver capsule. The cells in these 
areas stood out bright red with eosin- 
methylene blue stains. In some places the 
cells seemed to have disappeared entirely, 
while the stroma which remained stained 
much redder than did the stroma of the 
more normal portions. 

The third type of lesion was similar to 
focal necrosis, save that it was diffuse and 
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involved a number of lobules or at least the 
greater part of a lobule. Here the cells re- 
tained their normal arrangement and out- 
lines but took only the diffuse stain. The 
borders of these areas were more or less infil- 
trated with inflammatory cells and were 
surrounded by areas of liver cells filled with 
fat globules. 

In the liver which was grossly “vellow 
atrophy,” all of the remaining liver cells 
found in the areas which had appeared 
vellow in the gross, were distended with fat 
globules. The red areas were made up of 
groups of necrotic lobules in which only the 
outlines of the stroma, the periportal con- 
nective tissue bundles, and the structures 
contained within them, were recognizable. 
In one animal, which had recovered from 
a very severe poisoning, the periportal 
bundles appeared to have approached much 
nearer to each other than normally. They 
contained a definitely increased amount of 
connective tissue together with numerous 
bile duets. This finding suggested that re- 
peated repair of the T.N.T. liver necroses 
would lead to cirrhosis. 

Spleen. The microscopic changes in 
the spleen of animals which were re- 
peatedly poisoned and those which = sur- 
vived a considerable number of doses were 
constant and fairly characteristic. The 
blood sinuses became enlarged and quite 
definitely outlined. Most of the free red 
and white cells disappeared from the 
sinuses and their places were taken by 
large phagocytic endothelial leucocytes 
filled with golden pigment, blood frag- 
ments and whole red cells. These large 
cells arranged themselves in columns along 
the fine filamentous trabeculae and were 
also found free in the spaces. The appear- 
ance Was suggestive in a way of Gaucher's 
spleen. The central portions of many 
sinuses surrounded by these large cells were 
clear open spaces. The only individual 
variations in the spleens which were free 
from postmortem changes were in the rela- 


tive amounts of pigment and red corpuscles 
contained within the cells. In some phag- 
ocytes the pigment greatly predominated 
while in others the red cells were seen al- 
most to the exclusion of the pigment. The 
pigment gave a strong positive iron reac- 
tion. While many of the spaces contained 
nothing but the large phagocytes, others 
contained a few red cells and an occasional 
normoblast. In a few instances normo- 
blasts together with other red cells were 
seen incorporated within the large phag- 
ocytes. Nucleated red cells in the spleen 
were present in about the same proportion 
as in the vessels of other organs. The Mal- 
pighian follicles, vessels, and trabeculae 
appeared normal. 

Adrenal Glands. — While most of the 
adrenals showed no microscopic changes 
there were several instances where small 
eroups of medullary cells had entirely 
disappeared and the spaces formerly occu- 
pied by them were filled with free red 
cells. 

Kidneys. —In all of the severely poi- 
soned animals the histologic changes in the 
kidneys were similar. The glomeruli were 
congested and the glomerular spaces di- 
lated and filled with cellular debris, free 
pigment granules and occasionally with 
the shadows of red blood cells. Some of the 
convoluted tubules were dilated and filled 
with red blood cells, red staining granular 
material and brown granules, and others 
had their lumina closed by the approxima- 
tion of the swollen epithelial cells which, 
Sudan III stains show, contained granular 
fat. The straight tubules were dilated and 
filled with large casts which were made up 
chiefly of brown granular material, though 
they sometimes contained recognizable red 
blood cells. As a rule the interstitial tis- 
sues were not infiltrated with cells and the 
vessels appeared normal. 

Bone Marrow. — The bone marrow was 
always taken from the hollow portion of 
the bony shaft of the femur. The amount 
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of fat present was constantly much less 
than that found in a series of specimens 
taken from supposedly normal animals, 
though there was a considerable variation 
in the amount seen in the normal series. 
Some specimens from T.N.T. animals 
showed no fat vacuoles while others showed 
a few which were widely separated. The 
megakaryocytes and multinucleated giant 
cells were numerous and often appeared 
arranged in groups of three or more. The 
latter type of cell was especially numerous, 
generally containing a great many large 
round vacuolated nuclei. These cells were 
not found to be phagocytic for either red or 
white cells. Many large groups of nucleated 
red forms were found and these cells ap- 
peared to occur in nests, though we were 
unable to determine that the normoblasts 
were peripherally located and the megalo- 
blasts centrally situated, etc. These nests 
often contained all types of nucleated red 
forms. Some were large red cells with a 
grevish or purplish protoplasm and a large 
nucleus in which the deep blue chromatin 
strands were slightly separated. Some 
were equally large cells with clear red pro- 
toplasm and a deep blue compact nucleus. 
Some were typical normoblasts and some 
were normoblasts with two or three nuclei 
or with large lobulated. nuclei, showing 
irom three to five lobulations. An oceca- 
sional microblast was found. Of the myel- 
ocyte series the coarsely granular eosino- 
philic myelocytes were the most common 
cells and they constantly occurred in nests 
or groups. A few polymorphonuclear 
eosinophilic cells were present among them. 
Other forms of myelocytes and leucocytes 
were abundant and a smaller number of 
lymphocytes were present. Occasionally 
large endothelial leucocytes filled with red 
blood corpuscles were seen, but they were 
not numerous in any specimen. One thing 
was definite about them and that was that 
they were able to phagocyte nucleated red 
forms as well as ordinary erythrocytes. 
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CHEMICAL TESTS 


Numerous chemical examinations were 
made on the blood and urine of the animals 
during life and on the serum, bile, urine 
and tissues after death. Tissue extractions 
made in various ways were uniformly nega- 
tive with Webster’s test. 

Chemical Examinations of the Blood. 
The blood specimens for chemical examina- 
tion were aspirated from the heart both 
before and after death. Just before death 
the blood became a deep red-brown’ or 
chocolate brown color and was rather thin. 
It was believed that the color was due in 
part to bile and in part to methemoglobin. 
Spectroscopic tests for methemoglobin 
in the blood were not convincing. ‘The 
serum which was separated off from the 
blood was constantly stained a deep green 
bile color. While it was a constant finding 
that T.N.T. added to blood gave a posi- 
tive Webster’s test, we did not obtain 
an undoubted positive Webster's reaction 
on the blood or serum of a_ poisoned 
animal. 

Bile. — Bile was aspirated with a clean 
syringe from the gall bladders of all of the 
animals which died of T.N.T. poisoning. 
The bile was sometimes thick and green 
and sometimes clear and almost opalescent. 
One undoubtedly positive Webster's test 
was obtained on bile and many doubtfully 
positive tests were reported. 

Urine. — Urine specimens were obtained 
from the rabbits during life by catheteriza- 
tion, and from both guinea pigs and rab- 
bits after death, by aspiration of the blad- 
der with chemically clean syringes. ‘These 
methods were used to exclude artificial 
contamination with T.N.T. 

Appearance: The postmortem samples 
presented a fairly characteristic appear- 
ance. The urine was usually thick, opaque, 
and chocolate brown in color. Fresh speci- 
mens were acid. On standing, a heavy 
vellowish-brown flocculent precipitate sep- 
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arated out, leaving a distinctly bile stained 
reddish-brown fluid. Albumin was incon- 
stant in catheterized specimens but was 
always positive in postmortem samples. 
Urobilin was often present in the antimor- 
tem samples and bile was positive in 
practically all of the postmortem samples. 
Webster’s test usually became positive in 
two to three days in rabbits fed T.N.T., 
although there were instances in which the 
animal was definitely poisoned before the 
test was characteristic. Microscopically, 
the characteristic findings were great num- 
bers of granular casts, some of which had 
red corpuscles adhering to them, and a 
large amount of brownish-yellow amor- 
phous material, which cleared up on the 
addition of acetic acid. 
Methemoglobinuria was suspected, be- 
cause of the chocolate brown appearance of 
most of the specimens. We referred samples 
of urine from two guinea pigs and one rab- 
bit to Dr. C. C. Guthrie of the University of 
Pittsburgh, for his opinion on this point. 
He reported that the urine of one of the 
pigs showed the presence of a distinct band 
in the red, occupying the position of met- 
hemoglobin, and of a diffuse band in the 
green, corresponding to reduced hemo- 
globin. ‘The band in the red disappeared on 
the addition of ammonium sulphide. This 
sample had been centrifuged, but had not 
been otherwise treated. The second guinea 
pig urine which had been slightly acidified 
with acetic acid for purposes of clarifica- 
tion, gave the same spectroscopic reading, 
but the finding was a little less conclusive, 
because there was a possibility of some acid 
hematin having been formed by the addi- 
tion of the acid. However, no excess of 


acid was used, the specimen was_ not 


heated, reduced hemoglobin was abun- 
dantly present, and the band in the red dis- 


appeared when ammonium sulphide was 


added. The rabbit’s urine gave con- 
spicuous oxyhemoglobin bands, a faint 


band in the red in the position of methemo- 
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globin and no differentiation in the green to 
indicate reduced hemoglobin. 

Dr. Guthrie concluded that the evidence 
was strong but not absolutely conclusive 
that methemoglobin was present in the 
urine of the two pigs, but that not more 
than a faint trace, if any, was present in the 
rabbit urine. 


EXCRETION OF T.N.T. 


Based on the evidence furnished by 
Webster’s test, the urine is undoubtedly 
the chief means of excretion of T.N.T. 
The statement of Voegtlin, Hooper and 
Johnson (11) that T.N.T. is excreted in the 
bile is borne out by our observations. We 
must, however, modify their statement 
that the feces never give a positive test. 
We obtained undoubted positive Webster's 
tests on the feces of all animals fed T.N.T. 
but did not get positive reactions in ani- 
T.N.T. 
other ways. This probably indicated that 
the bile is not an important vehicle of ex- 
cretion from the quantitative standpoint. 


mals where was administered in 


ANEMIA 


Anemia in T.N.T. workers is relatively 
common. Examples of mild toxic anemia, 
severe toxic anemia and aplastic anemia 
have been reported. Polycythemia (5 to 6 
million cells) has been noted by Panton 
(22) and has been recorded by others in the 
very acute forms of toxic Jaundice during 
the late stages. 

Aplastic anemia was the first form re- 
ported, but subsequent studies seem to in- 
dicate that only a comparatively small 
number of cases are of this type. The blood 
picture was characterized by severe anemia 
with a high color index, by the absence of 
nucleated red cells and poikilocytes from 
the circulation and by an extreme leuko- 
penia with a relative lymphocytosis. Pur- 
pura was a commonly associated condition. 
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Six autopsies on aplastic anemia due to 
T.N.T. have been reported. The bone 
marrow of these cases was either gray or 
fatty with areas of hemorrhage. The livers 
were generally not necrotic to the extent 
seen in toxic Jaundice but showed extensive 
deposits of hemosiderin. 

Toxic anemias of varying grades, rang- 
ing from mild changes in the appearance of 
the red cells and the 
amount of hemoglobin to very severe 
anemia presenting a picture similar to 
pernicious anemia, have been reported by 
M. J. Stewart (19), L. H. Smith (23), 
Gregorson and Taylor (24), and by Minot 
(25). Miunot’s findings are very interesting 
in comparison with the experimental work 
and a fuller discussion of his results will be 
made later. 


decrease in the 


Experimental Anemia 


The literature on experimental T.N.T. 
anemia is very meagre. Panton (7) re- 
ported an attempt to produce an aplastic 
anemia in guinea pigs by means of an in- 
jection of T.N.T. suspended in oil. He 
obtained negative results. Voegtlin et al. 
(11) described anemia as a constant find- 
ing in the dogs which they used in their 
work for the United States Public Health 
Service investigation. They summarized 
the blood findings in the animals as being a 
reduction in the total blood volume, a de- 
crease in the red corpuscle volume and 
in the hemoglobin. They found an in- 
crease in the number of reticulated cells 
and in the number of nucleated forms, and 
mentioned the great inequality in the size 
of the erythrocytes. 

[In making routine blood counts on the 
animals in which we were studying the liver 
lesions it became apparent that the guinea 
pigs developed a severe anemia in almost 
every instance. We then decided to run 
additional series of both guinea pigs and 
‘abbits for the special study of the blood 
changes. We knew from our work that the 
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blood changes were fairly constant so that 
we felt that a small series of animals care- 
fully followed was of more value than a 
large group which would be less tangible. 
In the rabbit series we used seven animals 
and several controls. Two were fed T.N.T., 
two were injected subcutaneously with 
T.N.T. in oil, two were injected intra- 
venously with human serum. saturated 
with ‘T.N.T., and one was injected with 
salt solution saturated with T.N.T. After 
several doses the two animals which re- 
ceived serum died from anaphylaxis so 
that a new group of four rabbits was given 
the same treatment. These animals were 
given from four to nine intravenous doses, 
varying from 10 to 15 ¢.c. each, and none 
of them showed any blood destruction by 
blood count. The feeding animals de- 
veloped a mild anemia, so that eventually 
all of the rabbits were fed T.N.T. and their 
bloods again studied. In rabbits the blood 
changes were inconstant and never severe. 
Usually the rabbits died from general 


blood 


vanced to any great degree. 


toxemia before destruction ad- 

The guinea pigs, on the other hand, 
showed early anemia which progressed to 
an extremely severe stage, and the changes 
were essentially the same for each animal. 
Ten guinea pigs and a control were used in 
this series. The animals were given T.N.T. 
by mouth until the blood changes appeared, 
and were then rested for several days, and 
the administration resumed. It was hoped 
by this procedure to exhaust the bone 
marrow and secure an aplastic form of 
anemia. At first the blood of several of the 
animals was counted on alternate days but 
later the counts were made only when the 
animals showed signs of toxemia and then 
the counts were made by heart puncture so 
that plenty of blood for fragility tests could 
The 


became 


be quickly obtained. 


blood destruction apparent in 


from three days to two weeks. When the 


anemia appeared early the animal was at 


evidences of 
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once rested and generally recovered, but 
when the symptoms were late the animal 
usually sickened rapidly and died, ap- 
parently from a cumulative effect. Two 
animals in which the blood counts were as 
low as two million recovered when rested. 


the stage of poisoning from 35 to 50 per 
cent. One animal fell as low as 30 per cent. 
during the agonal period. 

Red Cell Counts. — Counts on unused 
animals ranged from 4,500,000 to more 
than 5,500,000. The counts in poisoned 
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Fic. 3. — Photograph of blood smear from guinea pig poisoned with T.N.T., showing in- 
tense blood destruction. The field shows the great variation in the size of the red cells, 
numerous poikilocytes and several nucleated forms. Red cell fragments are also seen. 


One of these two animals recovered rapidly. 
His count increased from 1,800,000 red 
cells to 3,600,000 in five days. The follow- 
ing synopsis indicates the changes ob- 
served in the blood: 

Hemoglobin. — Estimations of hemoglo- 
bin were made with the Sahli hemoglobin- 
ometer. The old standard was used and the 
direct readings taken. The hemoglobin 
readings on unused animals ranged from 90 


per cent. to 115 per cent. and on animals in 


animals were generally below 2,500,000. 
The lowest count was 1,200,000 cells. 
Color Index. 


greater than 1 in every instance after the 


-The color index was 


number of cells fell below 2.5 millions. In- 
dices ranging from 1.09 to 1.7 were found. 
The relatively high hemoglobin readings 
were probably due in part to the presence 
of abnormal hemoglobin combinations in 
the serum, as it is probable from the urinary 
findings that methemoglobin was present. 
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Abnormal Red Corpuscles. — During the 
severe toxic stage of poisoning, every 
guinea pig developed an anemia accom- 
panied by the appearance in the circulation 
of all of the commonly recognized forms of 
abnormal red cells. Red-cell fragments 
were seen In practically every field in the 


advanced poisonings. Poikilocytes were 
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making the differential counts the number 
per hundred white cells was recorded. The 
highest number of normoblasts was 54, 
and of megaloblasts was 9 (see Table 1). 
Several different types of nucleated red 
cells were present; ordinary normoblasts 
were in the majority; large nucleated 
forms, much larger than normoblasts, came 


TABLE 1.— BLOOD FINDINGS IN ANIMALS POISONED WITH T.N.T 














Severe T.N.T. Poisonings D eaaweries | Pe ne ol 
Animal Number [a I II ur | Iv V VI | vit | iv | wa] ivi va 
Per cent. hemoglobin (Sahli) 40 35 55 15 oka 30 46 80 100 |) 35 35 
Red count in millions 1.7 16 | 2.7 1.8 1.2 1.4 3.6 4.6 | 1.5 2.0 
White count in thousands 30 47 13 9 ve 89 74 12 9 | 15 23 
Polymorphonuclears 42 56 20 55 54 G7 55 67 66 30 | 67 | 47 
Lymphocytes 52 30 | 61 31 29 23 25 22 30 54 | 18 43 
Eosinophiles 3 9 | 5 3 0) TD) 11 2 I 6 | O 0 
Basophiles 1.5 Oo} 1 | 05 0 0 | 05 | 0 3 | 0 
Large mononuclears (non- | | 
granular) 0.5 Q 7 2.5 12 2 2 13 3 0 | 6 5 
Large mononuclears (granular) 0 2 4 | 8 2 0) 3 0; 0} 14] 9 f 
Myelocytes 0 0 0 | 0 3 s 3 i 0 | 0 0 0 
Normoblasts per hundred 21 42 7 | §2 15 14 7 55 | 2Q | 30 4 
Megaloblasts 0 $ | 2 6 9 8 2 17 0 0 17 3 
Multinucleated red cells 0 0); OO} 5 3 2 () 0) 0) 0 | O 0 
Poikilocytes ++ | ++ +] ti} ++} ++ }- + i. of 0 0 Ho | 4 4 
Macrocytes ++ | ++ 4) + }+4+4+/+4+-4 ++) +4 +4 0 0 t+ i ++ 
Microcytes + +} O | + | rs 0 0 + 
Polychromatophilia ++ ltt) ++ /4+4+4/4+4+ 0 0 + + + + 
Stippling 0 0 | 0 0 0 | +4 0 0 | 0 0 | 0 0 
Per cent. reticulated cells ye ee 61 58 78 anes 3? | 2 | 50 17 
- | | 
Few = +. Moderate Number = + +. Many = +++. 
numerous and made up a large percentage next; and only a few microblasts and 


of the cells. Macrocytes were so numerous 
that every field 
several. Microcytes were present but were 


practically contained 
relatively uncommon. 

Inequalities in staining of the red cells 
were very common. In some of the animals 
there appeared to be almost as many 
cells showing polychromatophilia as those 
which took the ordinary eosin stain. 
Anisochromia was much less marked and 
stippling was seen only in the cells of one 
animal, but in this instance it was well 
marked and unmistakable. 

Nucleated red cells were very common, 
occasionally four or five to a field. In 





Howell-Jolly bodies were seen. Some of the 
large nucleated forms were unusual in 
appearance, their cytoplasm being grayish- 
blue, like the darker of the polychromato- 
philic cells, and their nuclei being made of 
loosely woven coils of deep blue chromatin 
substances with orange-colored material 
appearing between the strands. Red cells 
with two and even three nuclei were found 
in the smears. 

Reticulated Red Cells. — A drop of fresh 
blood was allowed to flow, or drop, into 
about an equal part of 1 per cent. brilliant 
cresyl blue solution, made up in phys- 
iological salt solution. After about two 
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minutes a small drop of the mixture was 
placed on a slide and immediately ex- 
amined, and smears were made on cover 
slips for permanent mounts. The latter 
were allowed to dry in the air and were 
then counterstained with Wright’s stain in 
the usual way and mounted in balsam. 
Counts were made on the permanent 
smears and the relative number of retic- 
ulated and non-reticulated deter- 
mined. Unless a large number of red cells 
are counted the method does not always 


cells 


give accurate results, because there seems 
to be a tendency for the reticulated forms 
to occur in groups. Severely poisoned ani- 
mals showed from 30 to 78 per cent. of 
reticulated cells. The increase occurred 
during the poisoning stage and the retic- 
ulated cells became less numerous as the 
When T.N.T. feeding 


was resumed the percentage of reticulated 


animal recovered. 


cells again increased. 
White Blood Cells. 


ing stage most of the animals showed an 


During the poison- 


increase in white cells. One animal gave a 
count of 89,000 and another of 76,000, but 
the average was between 15,000 and 20,000 
Dif- 


ferential counts were of little value save as 


and some did not go above 10,000. 


a guide to the number of nucleated red 
forms present. In the two high counts, 
polymorphonuclear predom- 


inated; in practically all of the other in- 


leucocytes 


stances there was a lymphocytosis up to 50 
or 55 per cent. The counts are more fully 
shown in ‘Table 1. 

In two of the animals there were un- 
identified small ring-shaped bodies which 
stained with eosin and contained bits of 
bluish or greenish chromatin material. 

Fragility Tests. — The 
puscles of normal and poisoned guinea 


red blood cor- 


pigs were tested for comparative fragility 
in hypotonic salt solutions. The blood was 
withdrawn the heart and washed 
once in 0.5 per cent. sodium citrate in 
physiological salt solution. The suspension 


from 
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was then brought up to the volume of 
blood originally withdrawn and 0.015 c.c. 
of the suspension added to each tube of 
hypotonic salt solution. The hypotonic 
solutions decreased by 0.025 per cent. from 
0.800 per cent. to 0.200 per cent., and 1 c.c. 
was used in each tube. In a series of nor- 
mal animals, the first traces of hemolysis 
began at about 0.575 and was complete 
either at 0.475 or 0.450. Similar tests were 
made on the blood of poisoned animals at a 
time when their symptoms were very 
marked and in each instance hemolysis 
appeared between 0.600 and 0.800 and 
was not complete even in 0.200, apparently 
indicating that the blood at this time 
contained cells both of greatly increased 
fragility and of greatly increased resist- 
ance. ‘lwo of the animals recovered from 
the acute condition and their resistance 
was then found to be increased so that the 
range was 0.450 to 0.350, instead of 0.575 
to 0.450. When they were again fed T.N.T., 
their blood reacted as it had during the 
first poisoning — namely, beginning he- 
molysis between 0.700 per cent. and 0.800 
per cent. and incomplete in 0.200 per cent. 
salt solution. 

Effect of T.N.T. on Red Cells in Vitro. - 
Blood serum and physiological salt solution 
which have been saturated with T.N.T. do 
not hemolyze red blood cells in vitro. Sets 
of tritrations were run, using physiological 
salt and saturated with 
T.NJT., in contact both with normal cor- 
puscles and with corpuscles from poisoned 


normal serum. 


animals; also, with serum from one poi- 
soned animal to which T.N.T. was arti- 
ficially added in contact with cells from 
normal and poisoned animals. No hemol- 
ysis occurred. Very faint traces of bile 
added to the titrations produced hemolysis, 
but bile is itself a hemolyzing agent. 
Effect of T.N.T. in Blood Stream. — Re- 
peated intravenous doses of serum and salt 
solution saturated with T.N.T. did not 


produce hemolysis in rabbits, nor any other 
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demonstrable effects upon the blood, or 
bone marrow. 

Summary of Findings in Anemia. — The 
feeding of T.N.T. to guinea pigs produces a 
severe anemia not unlike pernicious ane- 
mia, which is apparently due to the de- 
struction of blood in the circulation and 
which is unaccompanied by destructive 
lesions of the bone marrow. The hemolysis 
is not due to the direct effect of T.N.T. on 
the blood because T.N.T. does not cause 
hemolysis either in vitro or when injected 
directly into the circulation. The anemia 
has a 1+ color index, is characterized by 
the presence of all sorts of abnormal red 
cells in the circulation, and is generally ac- 
companied by a lymphocytosis. The nu- 
cleated forms are present in the greatest 
numbers during the periods of feeding and 
almost when the animal is 
rested. Reticulated cells also become much 
more numerous as the severity of the poi- 
soning Increases, and disappear as recovery 


disappear 


takes place. Severe poisonings increase the 
resistance of the red cells to hypotonic salt 
solutions. All of the experiments produced 
a hyperplastic form of anemia without 
evidence of bone marrow exhaustion. Some 
animals were repeatedly poisoned for 
nearly five months and finally died of the 
poisoning without evidences of bone mar- 
row aplasia. Prolonged poisoning with 
small doses was found impractical because 
of the cumulative effect of the drug. 
Discussion of Findings in Anemia. - 

Generally speaking, the blood changes in 
the guinea pig experiments were in accord 
with those found by Minot (25) in his study 
of the blood of 233 trinitrotoluol workers. 
The findings in his group of thirty-three 
workers with severe blood changes were 
very similar to the changes in the animals 
during the severe toxic period. In both in- 
stances there was blood fragmentation, 
polychromatophilia, anisocytosis, lym- 
phocytosis, the appearance of nucleated 
cells, and a great increase in reticulated 


forms. We were able to produce severe 
anemias and to poison repeatedly some of 
the animals, two of which were studied for 
five months, and yet the reaction was first 
and last a hyperplastic type of anemia. It 
is possible that the bone marrow could be 
exhausted in time and an aplastic form 
produced if we could graduate the doses 
accurately and eliminate cumulative ac- 
tion, but in our series there was no indica- 
tion of aplasia. On the other hand, it 1s 
possible that other factors in addition to 
the T.N.T. poisoning may enter where 
aplastic forms occur — as for instance, a 
collateral infection of the blood stream, 
bone marrow, or some local focus of toxin 
production. 

Discussion of Pathogenesis of T.N.T. 
Poisoning. Trinitrotoluene is readily 
absorbed through the skin and along the 
alimentary tract. It may be excreted in the 
urine and to some extent in the bile as 
shown by the presence of Webster-positive 
substances. Though not a hemolytic agent 
when added to blood outside the body, 
continued absorption of it by the body 
leads to very evident blood destruction. 
This is shown by the decrease in the num- 
ber of cells per cubic millimeter, the fall in 
the per cent. of hemoglobin, the presence of 
polychromatophilic cells, the phagocytosis 
of red blood cells by endothelial leucocytes 
(particularly noticeable in the spleen), the 
accumulation of hemosiderin in the. liver 
and spleen, and by the appearance of bile 
in the urine. The mechanism of the initial] 
hemolysis is uncertain, though it is prob- 
ably associated with the formation of met- 
hemoglobin. Methemoglobin was not 
demonstrated in the early stages, but 
cyanosis was present, and the later finding 
of methemoglobinuria makes it the most 
likely cause of the interference with the 
oxygen-carrying power of the blood. It is 
probable that, in the animal work, exces- 
sive hemolysis once begun led to free hemo- 
globin in the blood stream, which, in turn, 
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acted to increase the secretion of bile (26). 
Later, the bile was found in abundance in 
the blood stream, and furnished another 
hemolyzing factor to augment the he- 
molysis. The bone marrow then became 
very active in order to compensate for the 
red cell destruction and many immature 
blood cells were thrown into the stream. If 
T.N.T. was removed at this time the bone 
marrow soon caught up, and recovery took 
place, but if T.N.T. absorption continued, 
the whole process became aggravated, 
visceral changes developed, and the condi- 
tion advanced rapidly to a fatal termination. 

Several factors may have united to bring 
about the development of the liver lesions. 
The liver necroses were so constant and so 
typical within certain limits, as to make it 
appear that T.N.T. exerted an almost 
specific influence on liver tissue. While it 
is possible that the lesions were due in part 
to the hyperactivity of the liver paren- 
echyma, coupled with gradual asphyxia- 
tion due to the impaired oxygen-carrying 
powers of the blood, it is hard to rule out 
the direct action of T.N.T. because the 
bone marrow and kidneys were subjected 
to similar asphyxiation, were also forced to 
hyperactivity, and yet showed no com- 
parable lesions. 

There were no evidences of bone-mar- 
row destruction in any of the animals, not 
even in those which had received intra- 
venous injections. The nucleated red cells 
increased during the acute toxemic stages, 
and decreased during the resting or re- 
generating stages, just as Bunting (27) 
found in his animals after the intravenous 
injections of saponin, etc. He attributed 
the reaction to the destructive lesions of the 
marrow produced by the poisons, but it is 
obvious that his explanation is not ap- 
plicable in our series. 

The hyperplasia of the spleen was asso- 
ciated in some way with the excessive 
hemolysis. This is shown by the large 
amounts of blood pigment found in the 


spleen sections. The hyperplasia was ac- 
companied by the appearance of large 
endothelial leucocytes filled with phag- 
ocyted red blood cells, nucleated red cells, 
fragments of red cells and blood pigment. 
We think it more likely that these large 
cells played a passive part, by phagocyting 
red cells, etc., already injured, than that 
they actively destroyed them. 

The kidney lesions appeared to be of a 
toxic nature and probably were due, in 
part, to the excretion of toxic T.N.T. 
products and, in part, to the effect of the 
general asphyxiation on the renal tissue. 
During the later stages, hemoglobin, met- 
hemoglobin, and bile were excreted in 
addition to the Webster-positive sub- 
stances. The final interference with kidney 
function played an important part in the 
fatal termination of the poisoning. 

No hemorrhages, such as were seen in the 
clinical cases, were found in the animals. 

Summary. — The chief factors leading to 
the terminal pathologic findings appeared 
to be hemolysis, probably associated with 
the formation of methemoglobin, hyperse- 
cretion of bile, general asphyxiation of all 
tissues, direct toxic action of T.N.T. on the 
liver, bone marrow hyperplasia, and final 
failure of kidney function. 

CONCLUSIONS 

1. Trinitrotoluene fed to rabbits and 
guinea pigs or rubbed into their skins, pro- 
duces liver lesions similar to those found in 
human cases of T.N.T. toxic jaundice. 

2. Methemoglobin appears in the urine 
of some animals experimentally poisoned 
with T.N.T., during the late toxic stages. 

3. T.N.T. fed to guinea pigs produces a 
very severe anemia. The anemia is hyper- 
plastic in type, has a +1 color index and is 
accompanied by the appearance in the cir- 
culation of all types of nucleated red cells 
and by an increase in the number of reticu- 


lated cells. 
4. Experimental anemia in the guinea 
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pig, due to T.N.T. administration, pre- 
sents the picture of a so-called primary 
anemia, but appears to be due entirely to 
blood destruction in the circulation, since 
repeated histologic examinations of the 
bone marrow failed to reveal any destruc- 
tive lesions of the blood-forming centers. 

5. The resistance of the red corpuscles 
to hypotonic salt solutions was found to be 
increased after the animals had recovered 
from severe polsonings. 

6. Removal of the animals from ex- 
posure to T.N.T. usually led to complete 
recovery, even though a high degree of 
anemia had developed. 


ry 


7. The similarity of the experimental 
findings to the blood changes in employees 
described by Minot, emphasizes the im- 
portance of thorough blood studies in in- 
stances of suspected T.N.T. poisoning. The 
hopeful prognosis in animals brings out the 
importance of early diagnosis and imme- 
diate removal of anemic persons from con- 
tact with T.N.T. 

In closing the author wishes to express 
his thanks to Dr. T. MeC. Mabon, who 
made many of the routine blood examina- 
tions, and to Dr. S. S. Waddell for her 
assistance In carrying out a number of the 
chemical tests. 
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Lectures on Industrial Psychology. By Ber- 
nard Muscio, M.A. (Sydney); M.A. (Gonville and 
Caius College, Cambridge); Late University Dem- 
onstrator in Experimental Psychology, Cambridge; 
Sometime Acting Lecturer in Mental and Moral 
Philosophy, Sydney. Cloth. Pp. 300 with illustra- 
tions and index. New York: E. P. Dutton and Com- 


pany, 1920; London: George Routledge and Sons, 
Ltd., 1920. 


This book, divided into five lectures, is well 
written and contains a wealth of interesting 
illustrations from actual field work in psy- 
chological problems related to industry. 

Muscio defines psychology as “accurate and 
systematic knowledge about the mind” and 
proceeds to show that, although the application 
of psychology to industry is still very limited, 
there is a considerable body of fairly precise 
psychological knowledge which is relevant to 
industry. In medicine, education, and law such 
knowledge has been used extensively for some 
time. The reason for applying psychology to 
industry is to further the aim of industry, 
which is to produce the material goods re- 
quired by civilized man in the most economical 
manner possible, by (a) selecting workers on 
the basis of natural fitness and (b) constructing 
good methods of work for the purpose of ob- 
taining from any expenditure of human energy 
or effort a maximum production. From the 
standpoint of the employer, the maximum pro- 
duction is to be obtained from a fixed amount 
of human energy. From the standpoint of the 
employee, the quantity of production is more 
the fixed quantity, and is to be obtained from 
the minimum expenditure of human energy. 
The suggestions offered by industrial psy- 
chology can be carried out by one who regards 
the question from either point of view. 

It is clearly stated that there is no similarity 
whatever between industrial psychology, as 
above defined, and speeding up, which is “the 
attempt, by offering incentives of one kind or 
another to the will, to induce operatives to ex- 
pend more than the greatest reasonable amount 
of energy in a given time.” 

The second lecture takes up mental factors 
relevant to industry. First, the nature of 
fatigue is discussed from its physiological and 
psychological aspects, and some present indus- 
trial causes of fatigue are considered, with the 
effects of fatigue upon industry. For example, 
the influence of fatigue upon the quantity and 


quality of output is an important consideration, 
and many figures are shown and analyzed in 
connection with the shortening of working 
hours, industrial accidents, and production. 
Suggestions for decreasing industrial fatigue 
are given, for “the elimination of industrial 
fatigue will render possible for the industrial 
worker a mental and bodily condition which, 
though not constitutive of, is nevertheless pre- 
requisite for, an ideal social life.” 

Not only by shortening hours is fatigue to be 
reduced but by better muscle co-ordination and 
by constructing good methods of work, e. g., 
so that as much use as possible shall be made of 
similar groups of muscles exercised simul- 
taneously on the two sides of the body. 

Lecture III discusses the selection of workers 
on the basis of natural fitness. Psychological 
work in this field has been done since 1909, al- 
though Taylor applied the principles forty 
years ago. ‘Two main principles of selection are 
in use: (1) the each-capacity principle, in which 
the applicant is given a number of tests to find 
out his capacities in various lines thought to be 
relevant to the work applied for; and (2) the 
central-capacity principle, where one test 1s con- 
structed which elicits the ability of the individ- 
ual to perform in the laboratory a complex task 
psychologically similar to the work. ‘The prac- 
ticability of the theory of selection is clearly 
shown, although it is recognized that adult 
workmen trained in work for which they were 
never naturally fitted would have a legitimate 
objection to being tested and forced to change 
their vocation. On the other hand, there are no 
difficulties, except conservatism, in the way of 
applying the principle of selection to boys and 
girls who are about to become wage earners. 

In the fourth lecture scientific management, 
“Taylorism,” and industrial psychology are 
compared. When scientific management is at 
its best, its three main tasks are: (1) to deter- 
mine scientifically the best possible conditions 
of work; {2) to induce workmen to accept the 
conditions of work that have been proved 
scientifically to be best; and (3) to teach work- 
men the new work methods devised as part of 
the best possible work conditions. Thus, the 
aim of scientific management is to obtain the 
greatest possible adjustment, and in this at- 
tempt industrial psychology becomes relevant 
to it. 
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Cases are given to show how new methods of 
work have decreased the labor and increased 
output; for example, the introducing of pauses 
into monotonous and tedious work, the sub- 
stituting of automatisms for frequent acts of 
decision, and the modification of the actual 
movements of the workmen. Thus, industrial 
psychology has its place in scientific manage- 
ment. 

The last lecture is on the desirability of ap- 
plying psychology to industry, the chief points 
being as follows: 

“We have been concerned with the question 
whether the application of psychology to indus- 
try is desirable. In considering this question, it 
was found advisable to discuss scientific man- 
agement similarly, since it is only in connection 
with scientific management that psychology 
has been, or is likely to be, applied to industry. 
rom a cursory examination, it seemed that the 
only persons who might find the application of 
psychology to industry undesirable were indus- 
trial workers. The answer to our main question 
thus required an analysis of the whole situation 
from labour’s point of view. 

“Tn the course of this analysis, we discovered 
that, without exception, all labour’s important 
objections to industrial psychology were really 
directed against the method by which it had 
been put into practice. Certain of labour’s ob- 
jections, it is true, seemed to rest upon confused 
thinking; but there were two — the autocratic 
tendency of scientific management, and its re- 
lation to collective bargaining — which seemed 
based upon undoubted fact. It seemed, also, 
that labour’s hostility, so far as 1t was based 
upon these two objections, was not unreason- 
able. If the matter had ended there, we should 
have been forced to the conclusion that, for 
labour, at least, the application of psychology 
to industry is undesirable. 

“This, indeed, is where the matter rests at 
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the present moment. Looking ahead, however, 
we see that certain modifications in the method 
by which the application of psychology to in- 
dustry is made, are possible. These modifica- 
tions consist in a further democratisation of 
workshops, and in offering to labour, perhaps in 
the form of a shorter working day, a larger 
share of the new profits than has hitherto been 
given it. 

“If these modifications were introduced, the 
application of psychology to industry would 
probably seem to labour highly desirable, and 
the worker would be as eager as anyone to 
adopt the new discoveries. For the aim of 
labour is to increase its share of common hu- 
man goods. Such an increase, of course, is not 
secured by simply increasing the productivity 
of the human energy expended in industry; but 
while this is obvious, it is equally obvious that 
the greater the profits the greater the possible 
share of them for labour. . . . If, then, labour’s 
protective rules and institutions were safe- 
guarded and if an unambiguous and consider- 
able share of the new profits were accorded it, 
there seems no doubt that it would find the 
application of psychology to industry very 
desirable. . .. 

“T shall conclude by emphasising the great 
fact about which these lectures have centred. 
This is that, by certain applications of psy- 
chology to industry, it has been found possible 
to obtain a given output from a much smaller 
expenditure of human energy than that hitherto 
necessary. This, I think, is a great fact: it is 
for men to say how they will use it. Psychology 
has now to turn to its laboratories again. Its 
task is to better what has been done. To de- 
vise practical methods by which its results, and 
those of other sciences, may be available for the 
enjoyment of all, is the task of society in gen- 
eral, and especially of labour and capital.” — 


Stanley Cobb. 





